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4.2.1 Properties and Actions of the Preparation

4.2.1.1 Data on effects on aquatic plant, invertebrate and fish including sensitive and

representative organisms

The most sensitive organism for de-ballast water treated by the KTM-BWMS was the algae,

Skeletonema costatum that gave the LOEC value of 25.00 %, NOEC value of 12.50 % and 72h-EC50

value of 83.32 % from aquatic toxicity test result for the 3-32 psu de-ballast water. For >32 psu aquatic

toxicity test with algae, LOEC, NOEC and 72h-EC50 value were 50.00 %, 25.00 % and 93.97 %,

respectively. For the other test organisms, no significant acute and/or chronic toxic effects were

observed (see report in Appendix Ⅳ, section 3.1 and 3.2). The results are summarized in Tables 5 ~ 9.

Algae (Growth inhibition test): Study to assess the effects of the seawater treated by the KTM-

BWMS on the diatom, Skeletonema costatum, for 72 hours, NOEC and LOEC values from

Hypothesis Test and EC50 value based on the cell densities at the end of the experiment were

calculated for > 32 and 3-32 psu de-ballast water from the KTM-BWMS.

Acute aquatic toxicity

Crustacean: Study to assess the effects of the seawater treated by the KTM-BWMS on the Rotifer,

Brachionus plicatilis, for 24 hours, NOEC, LOEC and LC50 values based on survival data at the end

of the experiment were calculated for > 32 and 3-32 psu de-ballast water from the KTM-BWMS.

Fish: Study to assess the effects of the seawater treated by the KTM-BWMS on the olive flounder,

Paralichthys olivaceus, for 96 hours, NOEC, LOEC and LC50 values based on survival data at the end

of the experiment were calculated for > 32 and 3-32 psu de-ballast water from the KTM-BWMS.

Chronic aquatic toxicity

Crustacean: Study to assess the effects of the seawater treated by the KTM-BWMS on the Rotifer,

Brachionus plicatilis, for 96 hours, NOEC, LOEC and EC50 value based on population growth rate

data at the end of the experiment were calculated for > 32 and 3-32 psu de-ballast water from KTM-

BWMS.

Fish: Study to assess the effects of the seawater treated by the KTM-BWMS on the olive flounder,

Paralichthys olivaceus, for 7 days, NOEC, LOEC and LC50 value based on survival data at the end of

the experiment were calculated for both > 32 and 3-32 psu de-ballast water from the KTM-BWMS.



Table 5: Growth inhibition test results on > 32 and 3-32 psu de-ballast water from KTM-BWMS

NOEC LOEC LC50 and/or EC50

Species
Test

water
(psu) Conc. (%) End point

Conc.
(%)

Reference

> 32 25.00 50.00 EC50 72 h 93.97
OECD

201
Algae Skeletonema costatum

3-32 12.50 25.00 EC50 72 h 83.32
OECD

201

Table 6: Acute aquatic toxicity of > 32 psu de-ballast water from KTM-BWMS

NOEC LOEC LC50 and/or EC50
Species

Conc. (%) End point Conc. (%)
Reference

Crustacean Brachionus plicatilis 100.00 > 100.00 LC50 24 h > 100.00
ASTM

E1440-91

Fish Paralichthys olivaceus 100.00 > 100.00 LC50 96 h > 100.00 OECD 203

Table 7: Acute aquatic toxicity of 3-32 psu de-ballast water from KTM-BWMS

NOEC LOEC LC50 and/or EC50
Species

Conc. (%) End point Conc. (%)
Reference

Crustacean Brachionus plicatilis 100.00 > 100.00 LC50 24 h > 100.00
ASTM

E1440-91

Fish Paralichthys olivaceus 100.00 > 100.00 LC50 96 h > 100.00 OECD 203

Table 8: Chronic aquatic toxicity of > 32 psu de-ballast water from KTM-BWMS

NOEC LOEC LC50 and/or EC50
Species

Conc. (%) End point Conc. (%)
Reference

Crustacean Brachionus plicatilis 100.00 > 100.00 EC50 96 h > 100.00

- ASTM
E1440-91

- Janssen
et al.,1994

Fish Paralichthys olivaceus 100.00 > 100.00 LC50 7 D > 100.00 OECD 212

Table 9: Chronic aquatic toxicity of 3-32 psu de-ballast water from KTM-BWMS

NOEC LOEC LC50 and/or EC50
Species

Conc. (%) End point Conc. (%)
Reference

Crustacean Brachionus plicatilis 100.00 > 100.00 EC50 96 h > 100.00
- ASTM

E1440-91
- Janssen

et al.,1994

Fish Paralichthys olivaceus 100.00 > 100.00 LC50 7 D > 100.00 OECD 212
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Marine Eco-Technology Institute Co., Ltd. 

485-1 Yongdang, Namgu, Busan 608-830, Republic of Korea 

Tel +82-51-611-6200 

Fax +82-51-611-0588 

 

MEI ┃ Request  Rev. 1.1 

 

1 

REQUEST 

1. Client information (Record the information of client/monitor for test plan and final report) 

Organization AQUA Eng. Co., Ltd. Name Young-jun, Sohn 

Department  Position President 

Address 938-8, Dalsan-ri, Jeonggwan-myeon, Gijang-gun, Busan, Korea 

Tel +82-51-728-1270~2 Fax +82-51-728-1273 

C.P +82-10-3592-0145 E-mail yjson@aquaeng.kr 

 

2.  Monitor information (Real monitoring charge or contact charge) 

Organization AQUA Eng. Co., Ltd. Name Jae-Kyung Song 

Department R&BD center Position Executive Director 

Address 938-8, Dalsan-ri, Jeonggwan-myeon, Gijang-gun, Busan, Korea 

Tel +82-51-728-1270~2 Fax +82-51-728-1273 

C.P +82-10-3592-0145 E-mail jksong@aquaeng.kr 

 

3.  Component and information of test (Mark with ■ sign on the components which you want) 

Subject □ Permitting for use (permit organization) 

□ Research and Development  

□ Scientific paper 

■ etc.(fro IMO basic & final approval with ballast-water management system) 

Division □ Chemical substance (                                          ) 

□ Food 

□ Agricultural chemicals 

□ An addition (food/prey) 

■ etc. (Sea water) 

Object Acute and chronic effects of the de-ballasting water for aquatic organisms 

 

4. Test component (Mark with ■ sign on the components which you want) 

Toxicity test □ Acute toxicity test 

□ Chronic toxicity test 

■ All of above test 

Test organism 

Acute toxicity test ■ Algae (Phytoplankton: Diatom, Green algae etc.) 

■ Invertebrate (Zooplankton: Copepod, Rotifer, Mysidae) 

■ Fish (Olive flounder) 

□ Echinoderm (Sea urchin) 

□ Mollusk (Mussel, Oyster, etc) 

□ All of above division 

Chronic toxicity test ■ Algae (Phytoplankton: Diatom, Green algae etc.) 

■ Invertebrate (Zooplankton: Copepod, Rotifer, Mysidae) 

■ Fish (Olive flounder) 

□ Echinoderm (Sea urchin) 

□ Mollusk (Mussel, Oyster, etc) 

□ All of above division 
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Final Report ■ Final report (3 copies of bookbinding and 1 CD recording) 

□ etc. (                                                                   ) 

Appling guideline (Test method) ■ OECD □ ISO □ EPA ■ etc.(ASTM) 

 

5. Information on the test substance (Record apparent information for Study Plan and Report) 

* Have to record "none", if it dose not have the any information. 

① Division □ Chemical compound (□Organic □Inorganic) 

□ Subject matter into biological 

□ Chemical substance (□Existing substance □New substance) 

□ Natural substance 

■ etc. (Seawater treated by AquaStar™ BWMS) 

② Transit □ Mail  □ Direct delivery 

■etc.(Sampling and transit of the Test facility) 

③ Sending date From 1
st
 June 2010 to 30

th
 November 2010 

④ Offer quantity Net weight: (         g or L)×(         □ea □box(es) □bottle(s)) 

Gross weight: (       g or L)×(         □ea □box(es) □bottle(s)) 

■ etc.( treated water: 0.4 ton; Control water: 0.6 ton) 

⑤ Condition of transit ■ Cooling  □ Freezing(- ℃)  □ Room Temp. □ etc.(            ) 

⑥ Danger □ Volatility  □ Flammable  □ Spontaneous combustion  □ Oxydant 

□ Corrosiveness  ■ etc. (None) 

⑦ Substance name or 

code name 

Korean: > 32 PSU 처리수, 3-32 PSU 처리수 ※ It will directly 

apply test plan and 

report. 
English: > 32 PSU treated ballast water, 3-32 PSU treated ballast 

water 

CAS No. (If you get it) None Chemical name or common name 

(If you know it) 

seawater 

⑧ Exterior and type □ A solid (□ Powder  □ Crystallization  □ etc.（                           ）) 

■ Liquid (□ Transparency  □ Suspension  □ Mucous  □ etc.（               ）) 

Color: 

⑨ Principal ingredients Seawater 

⑩ Condition of custody ■ Cooling  □ Freezing (- ℃)  □ Room Temp.  □ Cooling & Darkness  □ etc. (   ) 

⑪ Purity none 
⑫ Molecular formula and/or  

molecular weight 
none 

⑬ pH  7~8 ⑭ Structural formula none ⑮ Specific gravity none 

※ Lot No. none  ※ Making date 20   .    .  

※ Available period until 20   .   .    (       )  

or from making date to  ■ week(s)  □ month(s)  □ year(s) 

※ Stability - 

※ Compatibility ■ Hydrophilic  □ Hydrophobic □ Lipophilic  □ Lipophobic 

※ Grade sheet of test substance MSDS: □ Y  □ N COA: □ Y  □ N  □ Later 

※ Handle with care None  

※ Disposal of rest test substance □ Return   ■ Disposal 
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6. Information on the preparation test substance and condition of exposure (for reference) 

① Type Liquid ② pH 7 ~ 8 

③ Component Seawater 

④ Solvent &solubility 
□ Acetone  □ t-butyl alcohol  □ dimethyl formamide  

□ etc. (            ) 

⑤ Condition of custody 
□ Cooling at 4 °C  □ Freezing(- °C)  □ Room Temp.  

 ■ Cooling at 4 °C& Darkness   □etc.(            ) 

⑥ Stability Stable 

⑦ Homogeneity - 

⑧ Method of preparation of test solutions Dilution and control water: Non-treated ballast water 

⑨ Boiling point ca. 100 °C (Maximum Boiling Temp.) 

⑩ Vessels □ Glass  ■ Plastic  □ Rubber  □ Metal 

⑪ Handle with care(as preparation) 
Light, heat, air and water (stable/unstable) 

□ Shade  □ Hermetical seal  □ Dehumidification  ■ etc. ( none )  

⑫ Analysis method OECD guideline 201, 203, 211, ASTM Standard E1440-91 

⑬ Handle with care (as use) none 

 

7. Annex  

□ Toxicity test data  □ Test report of other organization  □ Reference of test substance 

□ Annex of reference substances  □ Reference (magazine, journal or paper, etc.) ■ etc. ( None ) 

 

8. Standard or positive reference substance 

□ existence  ■  none Name  

 

9. Certificate of Analysis :  

Offering Date 2010. 06. 01 ~ end of the experiment (2010.11.30) 

 

10. Other reference 

(Description of the detail Condition, other information and other components) 

None 

 

 

 

I request that MEI (Marine Eco-Technology Institute Co., Ltd.) 

would conduct the test for above substance. 

 

Date: 

 

2010. 06. 01 

 

Name: Young-jun, Sohn (Sign in) 

 
 

485-1 Yongdang, Namgu, Busan 608-830, Korea, Marine Eco-Technology Institute Co., Ltd. 

Tel. +82-51-611-6200, Fax +82-51-611-0588, 

Home page: http://marine-eco.co.kr, e-mail : mhson@marine-eco.co.kr 
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2. STUDY PLAN

2.1 Acute Toxicity

2.1.1 ANNEX 1

Skeletonema costatum, Growth Inhibition Test
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Study Director 2011. 04. 13.
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Test facility manager 2011. 04. 13.
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1. OUTLINE OF STUDY

1.1 Purpose

The purpose of this study is to assess the acute toxic effects of the > 32 and 3-32 PSU ballast water

treated by the KTM-BWMS (or the >32 and 3-32 PSU de-ballast water from KTM-BWMS) on the growth of

diatom, Skeletonema costatum.

1.2 Principle

The system response is the reduction of growth in a series of algal cultures (test units) exposed to various

concentrations of a treated ballast water. The response is evaluated as a function of the exposure

concentration in comparison with the average growth of replicates, unexposed control cultures. For full

expression of the system response to toxic effects, the cultures are allowed unrestricted exponential growth

under nutrient sufficient conditions and continuous light for a sufficient period of time to measure reduction

of the specific growth rate.

1.3 Good Laboratory Practice

All procedure of this study is complied with following GLP regulation:

- “OECD Principles of Good Laboratory Practice”

Organization for Economic Co-operation and Development, ENV/MC/CHEM(98)17 (as revised in

1997)

1.4 Guideline

This study is conducted on the basis of principle of following standard method and applied for

Skeletonema costatum:

- “OECD Guideline for Testing of Chemicals, 201, Freshwater alga and Cyanobacteria,

Growth Inhibition test”

Organization for Economic Co-operation and Development, (Adopted: Mar. 23, 2006)

1.5 Sponsor

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea.

Tel: +82-51-441-0692~3 Fax: +82-51-441-0695

1.6 Test facility

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

Tel: + 82-51-611-6200 Fax: + 82-51-611-0588
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1.7 Test site

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

1.8 Study director

Name: Myung-Baek Shon

Department: BAT (Bio-assay Team for aquatic organisms)

1.9 Study timetable

1.9.1 Treated ballast water (> 32PSU) and non-Treated ballast water (> 32PSU)

Study initiation 2011. 04. 13

Batch culture of test organisms 2011. 04. 13

Acclimation 2011. 04. 13 ~ 06. 26

Pre-culture for test 2011. 06. 26

Collect of sample 2011. 06. 29

Experimental start 2011. 06. 30

Exposure date 2011. 06. 30

Evaluation of cell density 2011. 06. 30 ~ 07. 03

Evaluation of chlorophyll a 2011. 07. 01 ~ 07. 04

Experimental completion 2011. 07. 04

Draft of final report 2011. 07. 19

Final Report 2011. 07. 20

Study completion 2013. 07. 31

1.9.2 Treated ballast water (3-32 PSU) and non-Treated ballast water (3-32 PSU)

Study initiation 2011. 04. 13

Batch culture of test organisms 2011. 04. 13

Acclimation 2011. 04. 13 ~ 07. 23

Pre-culture for test 2011. 07. 23

Collect of sample 2011. 07. 12

Experimental start 2011. 07. 13

Exposure date 2011. 07. 13

Evaluation of cell density 2011. 07. 13 ~ 07. 16
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Evaluation of chlorophyll a 2011. 07. 14 ~ 07. 17

Experimental completion 2011. 07. 17

Draft of final report 2011. 07. 19

Final Report 2011. 07. 20

Study completion 2013. 07. 31

1.10 Responsible personnel

Laboratory manager (Test site manager)

Statistical analysis

Observation and record

Myung-Baek Shon

Culture of test organisms

Disposal of the resting test organisms

So Eun Jo

Sampling, transit and custody of test substance or solution

Disposal of the resting substance

Check the chemical condition

Tae Won Kim

1.11 Retention of records and data

1.11.1 Duration

Duration of storage is 5 years after end of the study. It will be decided that storage of data after 5 years

should be consulted with the client.

1.11.2 Place of storage

Name: Archives of Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

1.11.3 Retention of records and data

Study plan, final report, raw data, documents related with the study, communication documents, and etc.
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2. MATERIALS AND METHODS

2.1 Test substance-1 (Treated ballast water (> 32PSU) -Treated)

2.1.1 Substance name

Treated water

2.1.2 Lot No.

none

2.1.3 Type

liquid

2.1.4 Principal ingredients

Seawater

2.1.5 Temperature

12~26 ˚C

2.1.6 Salinity

> 32 PSU

2.1.7 pH

6~8

2.1.8 Custody condition

Constant room at 4 ˚C for 7 days

2.1.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

2.1.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.1.11 Disposal of the resting substances

Scrap after test

2.1.12 Certificate of analysis

Client supplies to test organization
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2.2 Test substance-2 (Non-treated ballast water (> 32PSU) -Control)

2.2.1 Substance name

Non-treated water

2.2.2 Lot No.

none

2.2.3 Type

liquid

2.2.4 Principal ingredients

Seawater

2.2.5 Temperature

12~26 ˚C

2.2.6 Salinity

> 32 PSU

2.2.7 pH

6~8

2.2.8 Custody condition

Constant room at 4 ˚C for 7 days

2.2.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

2.2.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.2.11 Disposal of the resting substances

Scrap after test

2.2.12 Certificate of analysis

Client supplies to test organization
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2.3 Test substance-3 (Treated ballast water (3-32 PSU) -Treated)

2.3.1 Substance name

Treated water

2.3.2 Lot No.

none

2.3.3 Type

liquid

2.3.4 Principal ingredients

Seawater

2.3.5 Temperature

12~26 ˚C

2.3.6 Salinity

3-32 PSU

2.3.7 pH

6~8

2.3.8 Custody condition

Constant room at 4 ˚C for 7 days

2.3.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

2.3.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.3.11 Disposal of the resting substances

Scrap after test

2.3.12 Certificate of analysis

Client supplies to test organization
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2.4 Test substance-4 (Non-treated ballast water (3-32 PSU) -Control)

2.4.1 Substance name

Non-treated water

2.4.2 Lot No.

none

2.4.3 Type

liquid

2.4.4 Principal ingredients

Seawater

2.4.5 Temperature

12~26 ˚C

2.4.6 Salinity

3-32 PSU

2.3.7 pH

6~8

2.4.8 Custody condition

Constant room at 4 ˚C for 7 days

2.4.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

2.4.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.4.11 Disposal of the resting substances

Scrap after test

2.4.12 Certificate of analysis

Client supplies to test organization
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2.5 Preparation of the test substance (SOP#TP-011)

The concentration of test substance is diluted on the control seawater (non-treated ballast water by the

KTM-BWMS) as crude liquid. The six concentrations of test substance including 0.00 % (only non-treated

ballast water by the KTM-BWMS) and 100.00 % are arranged for the final definitive experiment.

2.6 Culture condition (SOP#TO-001)

2.6.1 Room

Incubator

2.6.2 Vessel type / volume

Glass flask / 250 mL

2.6.3 Medium volume / vessel volume & medium

100 mL/250 mL, f/2 (see Annex 2)

2.6.4 Inoculum density

5×103 cells/mL

2.6.5 Temperature

20 ˚C

2.6.6 Interval of inoculum

Every a week

2.6.7 L:D cycle

Continuous light

2.6.8 Intensity of light

3,000 lux

2.7 Test system

2.7.1 Test organisms

.1 Scientific name Skeletonema costatum (VBA-007)

.2 Producer Marine Eco-Technology Institute Co., Ltd., Republic of Korea

.3 Dealer Marine Eco-Technology Institute Co., Ltd., Republic of Korea

2.7.2 Ground of selected test organisms

Skeletonema costatum is important as primary producer in trophic structure and widely distributed

phytoplankton species (Phlylum Bacillariophyta) in estuarine and coastal areas. It is used to evaluate the

aquatic toxicity and has a large database.
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2.7.3 Isolation of phytoplankton (SOP#TO-001)

Isolation method Dilution techniques

2.7.4 Preparation of pre-culture and inoculation (SOP#TP-008)

A pre-culture is started 2 to 4 days before the beginning of the experiment. In order to maintain the

exponential growth phase until the start of the experiment, a pre-culture is made to inoculate 1×104 cells/mL

from the algal stock culture to the growth medium. The pre-culture is incubated under the same conditions as

those in the experiment. And the pre-culture for the experiment with 3-32 PSU treated ballast water is carried

out same way after acclimation of test organisms for more than 14 days.

2.7.5 Check the test organisms for the experiment (SOP#TP-001)

The cell density in the pre-culture is immediately measured before use, in order to calculate the required

inoculation volume and appearance of cells.

2.7.6 Disposal of the resting test organisms (SOP#TO-006)

The resting test organisms are scrapped after sterilization by the autoclave.

2.8 Study design

2.8.1 Test concentration (SOP#TP-011)

Control Control seawater 100.00 %: Seawater treated by KTM-BWMS 0.00 %

6.25 % Control seawater 93.75 %: Seawater treated by KTM-BWMS 6.25 %

12.50 % Control seawater 87.50 %: Seawater treated by KTM-BWMS 12.50 %

25.00 % Control seawater 75.00 %: Seawater treated by KTM-BWMS 25.00 %

50.00 % Control seawater 50.00 %: Seawater treated by KTM-BWMS 50.00 %

100.00 % Control seawater 0.00 %: Seawater treated by KTM-BWMS 100.00 %

2.8.2 Exposure conditions (SOP#TP-001)

The final cell density (3×103 cells/mL) is added from the algal pre-culture to the each concentration in

the test vessels. And then the test vessels are incubated for 72 hours at 22 ± 1˚C.

Experiment conditions and criteria are shown Annex 3 and application site is shown Annex 5.

2.8.3 Observation item and measurement components

.1 Biomass (SOP#TP-009, SOP#TP-012)

Measurement of biomass is conducted by measuring chlorophyll a extracted with 90% acetone using

Tuner Designs AU-10. The measurement of the chlorophyll a is immediately done within 2 hours after

extraction of it. To obtain the regression equation between chlorophyll a and cell density, cell count in the
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control is done by manual cell counting used the microscope (CKX 31, Olympus) with counting chamber.

Calculations of the growth and the inhibition growth rate are shown Annex 4.

.2 Other observations (SOP#TP-001)

Microscopic observation is performed to verify normal and healthy appearance of the inoculum

culture and to observe any abnormal appearance of the algae at the end of the experiment.

.3 pH (SOP#TE-002)

pH of the solutions at the beginning and at the end of the experiment is measured.

2.9 Statistical procedures (SOP#SP-101, SOP#SP-102)

For satisfactory correlation with biomass, chlorophyll a and cell density in the control are analyzed by

linear correlation analysis with Excel program and the greatest R2 value is yielded. Cell density is calculated

by equation from the linear correlation analysis.

NOEC, LOEC and EC50 values of the end point are estimated by statistical analysis procedure referred

from USEPA (2002). TOXCALC 5.0 program (Tidepool scientific software, USA) is used for statistic

analysis.

3. REFERENCES

OECD guidelines for the testing of chemicals-201. 2006. Freshwater alga and Cyanobacteria, growth

inhibition test. 25pp.

U.S. EPA. 2002. Short-term methods for estimating the chronic toxicity of effluents and receiving waters to

freshwater organisms. 1200 Pennsylvania Avenue NW Washington, DC 20460.EPA-821-R-02-013.

20



MEI ┃ Study plan / BW-DBWT1104-KT Rev. 1.013

ANNEX 1

Definitions

1. Coefficient of variation is a dimensionless measure of the variability of a parameter, defined as the ratio

of the standard deviation to the mean. This can also be expressed as a percent value. Mean coefficient of

variation of average specific growth rate in replicate control cultures should be calculated as follows:

1. Calculate % CV of average specific growth rate out of the daily/section by section growth rates

for the respective replicate;

2. Calculate the mean value out of all values calculated under point 1 to get the mean coefficient of

variation of the daily/section by section specific growth rate in replicate control cultures.

2. ECx is the concentration of the test substance dissolved in test medium that results in an x % (e.g. 50 %)

reduction in growth of the test organisms within a stated exposure period.

3. Growth rate (average specific growth rate) is the logarithmic increase in biomass during the exposure

period.

4. Lowest Observed Effect Concentration (LOEC) is the lowest tested concentration at which the

substance is observed to have a statistically significant reducing effect on growth (at p < 0.05) when

compared with the control, within a given exposure time.

5. No Observed Effect Concentration (NOEC) is the test concentration immediately below the LOEC.

6. Specific growth rate is a response variable defined as quotient of the difference of the natural logarithms

of a parameter of observation and the respective time period.

7. Pre-culture is intended to give an amount of algae suitable for the inoculation of test cultures. The pre-

culture is incubated under the conditions of the test and used when still exponentially growing, normally

after an incubation period of 2 to 4 days.

8. Biomass is the dry weight of living matter present in a population expressed in terms of a given volume;

e.g., mg algae/litre test solution. Usually “biomass” is defined as a mass, but in this study this word is used to

refer to mass per volume. Also in this study, surrogates for biomass as cell density (cells/mL) from

fluorescence method.
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ANNEX 2

Composition of f/2 (Guillard & Ryther 1962, Guillard 1975)

Component Stock solution Quantity Used Concentration in Final Medium (M)

NaNO3 75.0 g/L dH2O 1.0 mL 8.82×10-4

NaH2PO·4H2O 5.0 g/L dH2O 1.0 mL 3.62×10-5

Na2SiO3·9H2O 30.0 g/L dH2O 2.0 mL 1.06×10-4

*f/2 Trace metal solution (see recipe below) 1.0 mL -
**f/2 Vitamin solution (see recipe below) 0.5 mL -

*f/2 Trace metal solution

Component Stock solution Quantity Used Concentration in Final Medium (M)

FeCl3·6H2O - 3.15 g 1.17×10-5

Na2EDTA·2H2O - 4.36 g 1.17×10-5

CuSO4·5H2O 9.8 g/L dH2O 1.0 mL 3.93×10-8

Na2MoO4·2H2O 6.3 g/L dH2O 1.0 mL 2.60×10-8

ZnSO4·7H2O 22.0 g/L dH2O 1.0 mL 7.65×10-8

CoCl2·6H2O 10.0 g/L dH2O 1.0 mL 4.20×10-8

MnCl2·4H2O 180.0 g/L dH2O 1.0 mL 9.10×10-7

**f/2 Vitamin solution

Component Stock solution Quantity Used Concentration in Final Medium (M)

Cyanocobalamin

(Vitamin B12)
1.0 g/L dH2O 1.0 mL 3.69×10-10

Biotin (Vitamin H) 0.1 g/L dH2O 10.0 mL 2.05×10-9

Thiamine HCl (vitamin B1) - 200.0 mL 2.96×10-7
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ANNEX 3

Experiment conditions and acceptability criteria for diatom, Skeletonema costatum, acute growth
toxicity tests with the > 32 and 3-32 PSU seawater treated by the KTM-BWMS

Test parameter Conditions

Test type Static

Temperature 22 ± 1 ˚C

Light quality “Cool white” fluorescent lamp

Light intensity 3,000 lux

Photoperiod Continuous illumination

Test chamber size 15 mL

Test solution volume 10 mL

Renewal of test solutions None

Age of test organismss 2~4 days

Initial cell density in test chambers 3,000 cells/mL

No. replicate chambers per concentration 3

Shaking rate Twice daily by hand

Aeration None

Dilution water
Filtered seawater (Control seawater) by 0.2μm
membrane filter

Test concentrations
Effluents: 5 including receiving water 100.00%
and a control

Test dilution factor Effluents: 0.5

Test duration 72 hours

Endpoint Growth (Cell counts)

Test acceptability criteria

Specific growth rate: ≥ 0.92 day-1

Variation coefficient of the control specific
growth rate: ≤ 10%
Change of the control pH: ≤ 1.5
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ANNEX 4

1. The average specific growth rate for a specific period is calculated from equation [1]:

[1]

where:

μi-j is the average specific growth rate from time I to j;

Xi is the biomass at time i;

Xj is the biomass at time j;

2. The percent inhibition of growth rate for each treatment replicate is calculated from equation [2]:

[2]

where:

%Ir is percent inhibition in average specific growth rate;

μC is mean value for average specific growth rate (μ) in the control group ;

μT is average specific growth rate (μ) in treatment replicate

Each treatment group and control group are calculated a mean value for growth rate along with variance

estimates.

%Ir =
μC

- μ T

μ
C

× 100

μ
i- j

=
lnXj - lnXi

tj
- t i

(day- 1)
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ANNEX 5

Application Site

Application site for the acute toxicity test with diatom, Skeletonema costatum is shown as follow. The
arrowheads indicate the systematical rotation of the test vessels.
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2.1.2 ANNEX 2

Brachionus plicatilis, Acute Toxicity Test
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1. OUTLINE OF STUDY

1.1 Purpose

The purpose of this study is to assess the acute toxic effects of the > 32 and 3-32 PSU ballast water

treated by the KTM-BWMS (or the > 32 and 3-32 PSU de-ballast water from the KTM-BWMS) on the

survival of Brachionus plicatilis.

1.2 Principle

Neonate of Brachionus plicatilis aged less than 2 hours at the start of test is exposed to the treated ballast

water by the KTM-BWMS at a range of concentrations including 100.00 % effluent, for a period of 24 hours.

Mortality are recorded at 24 hours and compared with control values. The results are analyzed in order to

calculate the LC50 at 24 hours.

1.3 Good Laboratory Practice

All procedure of this study is complied with following GLP regulation:

- “OECD Principles of Good Laboratory Practice”

Organization for Economic Co-operation and Development, ENV/MC/CHEM(98)17 (as revised in

1997)

1.4 Guideline

This study using Brachionus plicatilis was complied with principle and conducted on the basis of

following standard method:

-“Standard Guide for Acute Toxicity Test with the Rotifer Brachionus. E 1440-91”

American Society of Testing Materials, (Reapproved 2004)

1.5 Sponsor

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea.

Tel: +82-51-441-0692~3 Fax: +82-51-441-0695

1.6 Test facility

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

Tel: + 82-51-611-6200 Fax + 82-51-611-0588
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1.7 Test site

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

1.8 Study director

Name: Jung-Im Park

Department: 2nd research team

1.9 Study timetable

1.9.1 Treated ballast water (> 32 PSU) and non-Treated ballast water (> 32 PSU)

Study initiation 2011. 04. 13

Induced to hatch for cysts 2011. 06. 29

Separation of neonates for test 2011. 06. 30

Collect of sample 2011. 06. 29

Experimental start 2011. 06. 30

Exposure date 2011. 06. 30

Evaluation survival 2011. 07. 01

Experimental completion 2011. 07. 01

Draft of final report 2011. 07. 19

Final Report 2011. 07. 20

Study completion 2013. 07. 31

1.9.2 Treated ballast water (3-32 PSU) and non-Treated ballast water (3-32 PSU)

Study initiation 2011. 04. 13

Induced to hatch for cysts 2011. 07. 25

Separation of neonates for test 2011. 07. 26

Collect of sample 2011. 07. 12

Experimental start 2011. 07. 13

Exposure date 2011. 07. 13

Evaluation survival 2011. 07. 14

Experimental completion 2011. 07. 14

Draft of final report 2011. 07. 19

Final Report 2011. 07. 20

Study completion 2013. 07. 31
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1.10 Responsible Personnel

Laboratory manager (Test site manager)

Statistical analysis

Myung-Baek Shon

Culture of test organisms

Observation and record

Disposal of the resting test organisms

So Eun Jo

Sampling, transit and custody of test substance or solution

Disposal of the resting substance

Check the chemical condition

Tae Won Kim

1.11 Retention of records and data

1.11.1 Duration

Duration of storage is 5 years after end of the study. It will be decided that storage of data after 5 years

should be consulted with the client.

1.11.2 Place of storage

Name: Archives of Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

1.11.3 Retention of records and data

Study plan, final report, raw data, documents related with the study, communication documents, and etc.
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2. MATERIALS AND METHODS

2.1 Test substance-1 (Treated ballast water (> 32 PSU) -Treated)

2.1.1 Substance name

Treated water

2.1.2 Lot No.

none

2.1.3 Type

liquid

2.1.4 Principal ingredients

Seawater

2.1.5 Temperature

12~26 ˚C

2.1.6 Salinity

> 32 PSU

2.1.7 pH

6~8

2.1.8 Custody condition

Constant room at 4 ˚C for 7 days

2.1.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

2.1.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.1.11 Disposal of the resting substances

Scrap after test

2.1.12 Certificate of analysis

Client supplies to test organization
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2.2 Test substance-2 (Non-treated ballast water (> 32 PSU) -Control)

2.2.1 Substance name

Non-treated water

2.2.2 Lot No.

none

2.2.3 Type

liquid

2.2.4 Principal ingredients

Seawater

2.2.5 Temperature

12~26 ˚C

2.2.6 Salinity

> 32 PSU

2.1.7 pH

6~8

2.2.8 Custody condition

Constant room at 4 ˚C for 7 days

2.2.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

2.2.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.2.11 Disposal of the resting substances

Scrap after test

2.2.12 Certificate of analysis

Client supplies to test organization
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2.3 Test substance-3 (Treated ballast water (3-32 PSU) -Treated)

2.3.1 Substance name

Treated water

2.3.2 Lot No.

none

2.3.3 Type

liquid

2.3.4 Principal ingredients

Seawater

2.3.5 Temperature

12~26 ˚C

2.3.6 Salinity

3-32 PSU

2.3.7 pH

6~8

2.3.8 Custody condition

Constant room at 4 ˚C for 7 days

2.3.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

2.3.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.3.11 Disposal of the resting substances

Scrap after test

2.3.12 Certificate of analysis

Client supplies to test organization
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2.4 Test substance-4 (Non-treated ballast water (3-32 PSU) -Control)

2.4.1 Substance name

Non-treated water

2.4.2 Lot No.

none

2.4.3 Type

liquid

2.4.4 Principal ingredients

Seawater

2.4.5 Temperature

12~26 ˚C

2.4.6 Salinity

3-32 PSU

2.3.7 pH

6~8

2.4.8 Custody condition

Constant room at 4 ˚C for 7 days

2.4.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

2.4.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.4.11 Disposal of the resting substances

Scrap after test

2.4.12 Certificate of analysis

Client supplies to test organization
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2.5 Preparation of the test substance (SOP#TP-011)

The concentration of test substance is diluted on the control seawater (non-treated ballast water by the

KTM-BWMS) as crude liquid. The six concentrations of test substance including 0.00 % (only non-treated

ballast water by the KTM-BWMS) and 100.00 % are arranged for the final definitive experiment.

2.6 Culture condition

2.6.1 Hatching of test organisms (SOP#TO-007)

Test organisms Brachionus plicatilis

Vessel 6 hole plate

Medium 20 PSU filtered seawater (0.45μm membrane filter, Whatman)

Temperature 25 ˚C

Light source “cool-white” fluorescent lamp

Light cycle Continuous light

Light cycle 1,000 ~ 3,000 lux

The cysts were obtained from commercial supplier (See ‘2.7 Test system’).

2.6.2 Feeding regime

None

2.7 Test system

2.7.1 Test organisms

.1 Scientific name Brachionus plicatilis

.2 Producer MicroBioTests Inc., Belgium

.3 Dealer Marine Eco-Technology Institute Co., Ltd., Republic of Korea

2.7.2 Ground of selected test organisms

Marine rotifer, Brachionus plicatilis have the advantages of cosmopolitan distribution, wide salinity

adaptability, importance trophic roles as primary consumer in marine ecosystem, short generation time and

easy culture in small spaces. For this reason Brachionus plicatilis is commonly used as a toxicity test.

2.7.3 Preparation of the test organisms (SOP#TO-007)

Hatching of rotifer cysts are initiated for approximately 24 h before the start of the test, and have to be

carried out in seawater of reduced salinity (20 PSU). They are incubated at 25 ˚C and 1,000 to 3,000 lux

continuous illumination. They are checked for the hatching hourly after 24 h incubation in order to collect
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the test animals within 2 hours of their hatching. For the > 32 PSU ballast water treated, rotifer neonates are

acclimated for approximately 1 hour to adapt to the eventual salinity change.

2.7.4 Check the test organisms for the test (SOP#TO-007)

Health of the test organisms such as the mortality, appearance and abnormal behavior is observed with a

microscope (SZ51, Olympus).

2.7.5 Disposal of the resting test organisms (SOP#TO-006)

The resting test organisms are scrapped after sterilization by the autoclave.

2.8 Study design

2.8.1 Test concentration (SOP#TP-011)

Control Control seawater 100.00 %: Seawater treated by KTM-BWMS 0.00 %

6.25 % Control seawater 93.75 %: Seawater treated by KTM-BWMS 6.25 %

12.50 % Control seawater 87.50 %: Seawater treated by KTM-BWMS 12.50 %

25.00 % Control seawater 75.00 %: Seawater treated by KTM-BWMS 25.00 %

50.00 % Control seawater 50.00 %: Seawater treated by KTM-BWMS 50.00 %

100.00 % Control seawater 0.00 %: Seawater treated by KTM-BWMS 100.00 %

2.8.2 Exposure conditions (SOP#TP-013)

Brachionus plicatilis is placed in test vessels divided into five neonates each replication of concentration

including the control. And then the test vessels are placed in incubator for 24 hours at 25 ± 1˚C.

Experiment conditions and criteria are shown Annex 2 and application site is shown Annex 3.

2.8.3 Observation item and measurement components

.1 Mortality (SOP#TP-013)

Each test vessel is checked for mortality of Brachionus plicatilis at 24 hours after the beginning of

the experiment. Justification of mortality is that animals do not exhibit any internal or external

movement in 5 seconds of observation.

.2 Other observations (SOP#TP-013)

In addition to mortality, any abnormal behavior and appearance are recorded.

.3 Temperature (SOP#TE-002)

Temperature of the solutions is measured at the beginning and end of the experiment.
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.4 Dissolved oxygen (SOP#TE-002)

Dissolved oxygen (DO) of the solutions is measured at the beginning of the experiment.

(Test vessels contain only 1 mL, it is technically difficult to measure DO at the end of the

experiment. It is also known that brachionid rotifers are not sensitive to low oxygen levels.)

.5 pH (SOP#TE-002)

pH of the solutions is measured at the beginning and end of the experiment.

2.9 Statistical procedures (SOP#SP-101)

LC50 values of the end point are estimated by statistical analysis procedure referred from USEPA (2002).

TOXCALC 5.0 program (Tidepool scientific software, USA) is used for statistic analysis.

3. REFERENCES

ASTM. 2004. Standard guide for acute toxicity test with the rotifer Brachionus. E-1440-91. 8pp.

U.S. EPA. 2002. Short-term methods for estimating the chronic toxicity of effluents and receiving waters to

freshwater organisms. 1200 Pennsylvania Avenue NW Washington, DC 20460.EPA-821-R-02-013.
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ANNEX 1

Definitions

1. Rotifer cyst is that a rotifer embryo arrested at an early stage in development, enclosed in an envelope and

resistant to desiccation and temperature extremes. Rotifer cysts are often incorrectly referred to as resting

eggs. Upon hydration, embryonic development resumes until a neonate female emerges from the cyst.

2. Rotifer neonate is a newly hatched, freely swimming rotifer. All neonates hatched from cysts are females.

3. LCx (Lethal concentration) is the concentration estimated to die x percent of the test organisms within a

stated exposure period.
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ANNEX 2

Experiment conditions and acceptability criteria for the rotifer, Brachionus plicatilis acute
immobilization and survival toxicity tests with the > 32 and 3-32 PSU seawater treated by the KTM-BWMS

Test parameter Conditions

Test type Static (non-renewal)

Temperature 25 ± 1˚C

Light quality None

Light intensity Darkness

Photoperiod 0h light: 24 h dark

Test chamber size 1.5 mL (48 hole plate)

Test solution volume 1mL

Renewal of test solutions None

Age of test organisms Less than 2 hours

Number of individuals per test chamber 5 inds.

Replicate test chambers per concentration 12

Feeding regime None

Cleaning None

Aeration None

Dilution water
Filtered seawater (Control seawater) by
0.45 μm membrane filter

Test concentration 5 including 100.00% effluents and a control

Dilution factor Effluents: 0.5

Test duration 24 hours

Endpoints survival

Test acceptability criteria
90% or greater survival of all control
organisms
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ANNEX 3

Application Site

Application site for the acute toxicity test with the rotifer, Brachionus plicatilis is shown as follow.
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2.1.3 ANNEX 3

The olive flounder fish, Paralichthys olivaceus, Acute Toxicity Test
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STUDY PLAN

Acute Aquatic Toxicity For > 32 & 3-32 PSU Treated Ballast Water of

KTM-BWMS

- The olive flounder fish, Paralichthys olivaceus, Acute Toxicity Test

Study Name: KTM-BWMS

Study No: BW- DBWT1104-KT

Marine Eco-Technology Institute Co., Ltd.

485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

Marine Eco-Technology Institute Co., Ltd.

485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

Tel +82-51-611-6200

Fax +82-51-611-0588
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STUDY PLAN PREPARATION AND APPROVAL

Study title: Acute toxicity to assess the toxic effects of the > 32 & 3-32 PSU of ballast water

treated by the KTM-BWMS toward survival of olive flounder fish, Paralichthys

olivaceus

Study name: KTM-BWMS Study No: BW-DBWT1104-KT

Test facility Marine Eco-technology Institute Co., Ltd.

Study Director 2011. 04. 13.

Jin Hee Kim (signature)

Test site manager (Lab. manager) 2011. 04. 13.

Myung-Baek Shon (signature)

Test facility manager 2011. 04. 13.

Min Ho Son (signature)

Organization KT Marine Co., Ltd.

2011. 04. 13.

Monitor: Seong Ho Park (signature)

Sponsor: Og Yeol Bag (signature)
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1. OUTLINE OF STUDY

1.1 Purpose

The purpose of this study is to assess the acute toxic effects of the > 32 and 3-32 PSU ballast water

treated by the KTM-BWMS (or the > 32 and 3-32 PSU de-ballast water from the KTM-BWMS) on the

survival of juvenile olive flounder, Paralichthys olivaceus.

1.2 Principle

The juvenile olive flounder, Paralichthys olivaceus is exposed to the treated ballast water of the KTM-

BWMS for a period of 96 hours. Mortalities are recorded at 24, 48, 72 and 96 hours and the concentration

which kills 50 percent of the fish (LC50) are determined where possible.

1.3 Good Laboratory Practice

All procedure of this study is complied with following GLP regulation:

- “OECD Principles of Good Laboratory Practice”

Organization for Economic Co-operation and Development, ENV/MC/CHEM(98)17 (as revised in

1997)

1.4 Guideline

This study is conducted on the basis of principle of following standard method and applied for

Paralichthys olivaceus:

- “OECD Guideline for Testing of Chemicals, 203, Fish, Acute Toxicity Test”

Organization for Economic Co-operation and Development, (Adopted: July. 17, 1992)

1.5 Sponsor

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea.

Tel: +82-51-441-0692~3 Fax: +82-51-441-0695

1.6 Test facility

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

Tel: + 82-51-611- 6200 Fax: + 82-51-611- 0588
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1.7 Test site

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

1.8 Study Director

Name: Jin Hee Kim

Department: 3rd research team

1.9 Study timetable

1.9.1 Treated ballast water (> 32 PSU) and non-Treated ballast water (> 32 PSU)

Study initiation 2011. 04. 13

Receipt of test organisms 2011. 06. 16

Acclimatization on Lab Condition ( > 32 PSU) 2011. 06. 16 ~ 06. 23

Settling in the test vessel 2011. 06. 23

Observation of mortality 2011. 06. 23 ~ 06.30

Collect of sample 2011. 06. 29

Experimental start 2011. 06. 30

Exposure date 2011. 06. 30

Evaluation of mortality 2011. 06. 30 ~ 07. 04

Experimental completion 2011. 07. 04

Draft of final report 2011. 07. 19

Final Report 2011. 07. 20

Study completion 2013. 07. 31

1.9.2 Treated ballast water (3-32 PSU) and non-Treated ballast water (3-32 PSU)

Study initiation 2010. 05. 02

Receipt of test organisms 2011. 06. 16

Acclimatization on Lab Condition (20 PSU) 2011. 06. 16 ~ 07. 05

Settling in the test vessel 2011. 07. 05

Observation of mortality 2011. 07. 05 ~ 07. 12

Collect of sample 2011. 07. 12

Experimental start 2011. 07. 13

Exposure date 2011. 07. 13
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Evaluation of mortality 2011. 07. 13 ~ 07. 17

Experimental completion 2011. 07. 17

Draft of final report 2011. 07. 19

Final Report 2011. 07. 20

Study completion 2013. 07. 31

1.10 Responsible Personnel

Laboratory manager (Test site manager)

Statistical analysis

Myung-Baek Shon

Culture of test organisms

Disposal of the resting test organisms

So Eun Jo

Sampling, transit and custody of test substance or solution

Disposal of the resting substance

Observation and record

Check the chemical condition

Tae Won Kim

1.11 Retention of records and data

1.11.1 Duration

Duration of storage is 5 years after end of the study. It will be decided that storage of data after 5 years

should be consulted with the client.

1.11.2 Place of storage

Name: Archives of Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

1.11.3 Retention of records and data

Study plan, final report, raw data, documents related with the study, communication documents, and etc.
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2. MATERIALS AND METHODS

2.1 Test substance-1 (Treated ballast water (> 32 PSU) -Treated)

2.1.1 Substance name

Treated water

2.1.2 Lot No.

none

2.1.3 Type

liquid

2.1.4 Principal ingredients

Seawater

2.1.5 Temperature

12~26 ˚C

2.1.6 Salinity

> 32 PSU

2.1.7 pH

6~8

2.1.8 Custody condition

Constant room at 4 ˚C for 7 days

2.1.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

2.1.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.1.11 Disposal of the resting substances

Scrap after test

2.1.12 Certificate of analysis

Client supplies to test organization
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2.2 Test substance-2 (Non-treated ballast water (> 32 PSU) -Control)

2.2.1 Substance name

Non-treated water

2.2.2 Lot No.

none

2.2.3 Type

liquid

2.2.4 Principal ingredients

Seawater

2.2.5 Temperature

12~26 ˚C

2.2.6 Salinity

> 32 PSU

2.2.7 pH

6~8

2.2.8 Custody condition

Constant room at 4 ˚C for 7 days

2.2.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

2.2.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.2.11 Disposal of the resting substances

Scrap after test

2.2.12 Certificate of analysis

Client supplies to test organization
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2.3 Test substance-3 (Treated ballast water (3-32 PSU) -Treated)

2.3.1 Substance name

Treated water

2.3.2 Lot No.

none

2.3.3 Type

liquid

2.3.4 Principal ingredients

Seawater

2.3.5 Temperature

12~26 ˚C

2.3.6 Salinity

3-32 PSU

2.3.7 pH

6~8

2.3.8 Custody condition

Constant room at 4 ˚C for 7 days

2.3.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

2.3.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.3.11 Disposal of the resting substances

Scrap after test

2.3.12 Certificate of analysis

Client supplies to test organization
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2.4 Test substance-4 (Non-treated ballast water (3-32 PSU) -Control)

2.4.1 Substance name

Non-treated water

2.4.2 Lot No.

none

2.4.3 Type

liquid

2.4.4 Principal ingredients

Seawater

2.4.5 Temperature

12~26 ˚C

2.4.6 Salinity

3-32 PSU

2.4.7 pH

6~8

2.4.8 Custody condition

Constant room at 4 ˚C for 7 days

2.4.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

2.4.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.4.11 Disposal of the resting substances

Scrap after test

2.4.12 Certificate of analysis

Client supplies to test organization
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2.5 Preparation of the test substance (SOP#TP-011)

The concentration of test substance is diluted on the control seawater (non-treated ballast water by the

KTM-BWMS) as crude liquid. The six concentrations of test substance including 0.00 % (only non-treated

ballast water by the KTM-BWMS) and 100.00 % are arranged for the final definitive experiment.

2.6 Culture condition (SOP#TO-005)

2.6.1 Holding of test organisms

Test organisms Paralichthys olivaceus

Culture type Semi- recycle filter system

Vessel 1,000 L cubic aquarium

Medium 600 L filtered seawater (1μm CP Filter, Chisso Filter)

Temperature 20 ± 1 ˚C

Light source “cool-white” fluorescent lamp

Light cycle L : D = 16 h :8 h

Light intensity 1,000 lux

Dissolved oxygen 6.0~8.0 mg/L

2.6.2 Feeding regime

Type of diet Su hyup feed for fish 1-1S

Supplier National Federation of Fisheries Cooperatives

Diet supply period once a day

2.7 Test system

2.7.1 Test organisms

.1 Scientific name Paralichthys olivaceus

.2 Producer KyeongYang Fisheries, Yo-Su city, Jeolla province, Republic of

Korea

.3 Dealer Marine Eco-Technology Institute Co., Ltd., Republic of Korea

2.7.2 Ground of selected test organisms

Pleuronectiformes Paralichthyidae Paralichthys olivaceus called olive flounder is widely distributed in

coastal water of Korea and is important as economic marine products. P. olivaceus plays in marine trophic

structure as a top predator.
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2.7.3 Preparation of the test organisms (SOP#TP-006)

Paralichthys olivaceus aged 30 ~ 50 days is acclimated under the laboratory and test condition for two or

three weeks until 24 hours before the beginning of the experiment. Following a 48 hours settling-in period,

mortality is recorded and the following criteria applied:

1. Mortality of greater than 10 percent of population in seven days: rejection of entire batch.

2. Mortality of between 5 and 10 percent of population: acclimatization continued for seven additional 7

days.

3. Mortality of less than 5 percent of population: acceptance of batch.

2.7.4 Check the test organisms for the experiment (SOP#TP-006)

Health of the test organisms such as the mortality, appearance and abnormal behavior is observed.

2.7.5 Disposal of the remaining test organisms (SOP#TO-006)

The resting test organisms are euthanized under tricaine methanesulfonate (MS-222).

2.8 Study design

2.8.1 Test concentration (SOP#TP-011)

Control Control seawater 100.00 %: Seawater treated by KTM-BWMS 0.00 %

6.25 % Control seawater 93.75 %: Seawater treated by KTM-BWMS 6.25 %

12.50 % Control seawater 87.50 %: Seawater treated by KTM-BWMS 12.50 %

25.00 % Control seawater 75.00 %: Seawater treated by KTM-BWMS 25.00 %

50.00 % Control seawater 50.00 %: Seawater treated by KTM-BWMS 50.00 %

100.00 % Control seawater 0.00 %: Seawater treated by KTM-BWMS 100.00 %

2.8.2 Exposure conditions (SOP#TP-006)

20 fish of Paralichthys olivaceus on the > 32 and 3-32 PSU treated ballast water is placed in the each

replication of test vessel. The test vessels are placed in the constant room for 96 hours at 20 ± 1 ˚C.

Experiment conditions and criteria are shown Annex 2 and application site is shown Annex 3.

2.8.3 Observation item and measurement components

.1 Mortality (SOP#TP-006)

Fish will be considered dead if there is no visible movement and if touching of the caudal

peduncle produces no reaction. Mortalities are recorded and then dead animals are removed.

.2 Other observations (SOP#TP-006)

Records are kept of visible abnormalities, such as loss of equilibrium, swimming behavior,
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respiratory function and pigmentation.

.3 Temperature (SOP#TE-002)

Temperature of the solutions on each vessel during the experiment period is measured daily.

.4 Dissolved oxygen (SOP#TE-002)

DO of the solutions on each vessel during the experiment period is measured daily.

.5 pH (SOP#TE-002)

pH of the solutions on each vessel during the experiment period is measured daily.

2.9 Statistical procedures (SOP#SP-101)

LC25 and LC50 values of the end point are estimated by statistical analysis procedure referred from

USEPA (2002). TOXCALC 5.0 program (Tidepool scientific software, USA) is used for statistic analysis.

3. REFERENCES

OECD guidelines for the testing of chemicals-203. 1992. Fish, Acute toxicity test. 9 pp.

U.S. EPA. 2002. Short-term methods for estimating the chronic toxicity of effluents and receiving waters to

freshwater organisms. 1200 Pennsylvania Avenue NW Washington, DC 20460.EPA-821-R-02-013.
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ANNEX 1

Definitions

1. Semi-static test is a test without flow of solution, but with occasional batch wise renewal of the test

solution after prolonged periods.

2. LC25 and LC50 in this study is the median lethal concentration, i.e. that concentration of the test

substance in water which kills 25 percent and 50 percent of a test batch of fish within a particular period of

exposure.
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ANNEX 2

Experiment conditions and acceptability criteria for olive flounder, Paralichthys olivaceus, acute mortality
toxicity tests with the > 32 and 3-32 PSU seawater treated by the KTM-BWMS

Test parameter Conditions

Test type Semi-static

Temperature 20±1˚C

Light quality “Cool white” fluorescent lighting

Light intensity 1,000 lux

Photoperiod 16 h light: 8 h dark

Test chamber size 30 L

Test solution volume 20 L

Renewal of test solutions Every other day

Age of test organisms Less than 50 days old

Number of individuals per test chamber 20

Replicate test chambers per concentration 3

Feeding regime None

Cleaning None

Aeration
To maintain DO
(> 60 % of the air saturation value)

Dilution water
Filtered seawater (Control seawater) by 1μm CP
Filter, Chisso Filter

Test concentration 5 including 100.00% effluents and a control

Dilution factor Effluents: 0.5

Test duration 96 hours

Endpoints Survival

Test acceptability criteria 90% or greater survival of all control organisms
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ANNEX 3

Application Site

Application site for the acute toxicity test with olive flounder, Paralichthys olivaceus is shown as follow.
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2.2 Chronic Toxicity

2.2.1 ANNEX 1

Brachionus plicatilis, Chronic Toxicity Test
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STUDY PLAN PREPARATION AND APPROVAL

Study title: Chronic toxicity test to assess the toxic effects of the > 32 & 3-32 PSU of ballast

water treated by the KTM-BWMS toward population growth rate of Brachionus

plicatilis

Study name: KTM-BWMS Study No: BW-DBWT1104-KT

Test facility Marine Eco-technology Institute Co., Ltd.

Study Director 2011. 04. 13.

Jung-Im Park (signature)

Test site manager (Lab. manager) 2011. 04. 13.

Myung-Baek Shon (signature)

Test facility manager 2011. 04. 13.

Min Ho Son (signature)

Organization KT Marine Co., Ltd.

2011. 04. 13.

Monitor: Seong Ho Park (signature)

Sponsor: Og Yeol Bag (signature)
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1. OUTLINE OF STUDY

1.1 Purpose

The purpose of this study is to assess the chronic toxic effects of the > 32 and 3-32 PSU ballast water

treated by the KTM-BWMS (or the > 32 and 3-32 PSU de-ballast water from the KTM-BWMS) on the

population growth rate of Brachionus plicatilis.

1.2 Principle

Neonate of Brachionus plicatilis aged less than 2 hours at the start of test is exposed to the treated ballast

water of the KTM-BWMS at a range of concentrations including 100.00% effluent, for a period of 96 hours.

The rotifer density is counted every 24 hours until 96 hours. At the end of the experiment, the population

growth rate (r) is calculated that count the number of live rotifers in each test concentration compared with

control values. And the percentage inhibition (I%) of the rotifer growth for each test concentration is

evaluated. The results are analyzed in order to calculate the NOEC, LOEC and EC50 at 96 hours.

1.3 Good Laboratory Practice

All procedure of this study is complied with following GLP regulation:

- “OECD Principles of Good Laboratory Practice”

Organization for Economic Co-operation and Development, ENV/MC/CHEM(98)17 (as revised in

1997)

1.4 Guideline

This study is conducted on the basis of principle of following standard method and applied for

Brachionus plicatilis:

- “Cyst-based toxicity tests. VIII. Short-chronic toxicity tests with the freshwater rotifer

Brachionus calyciflorus” (Janssen et al., 1994)

The test preparation in this study is complied on the basis of following standard method:

- “Standard Guide for Acute Toxicity Test with the Rotifer Brachionus. E 1440-91”

American Society of Testing Materials, (Reapproved 2004)

1.5 Sponsor

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea.

Tel: +82-51-441-0692~3 Fax: +82-51-441-0695
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1.6 Test facility

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

Tel: + 82-51-611-6200 Fax + 82-51-611-0588

1.7 Test site

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

1.8 Study director

Name: Jung-Im Park

Department: 2nd research team

1.9 Study timetable

1.9.1 Treated ballast water (> 32 PSU) and non-Treated ballast water (> 32 PSU)

Study initiation 2011. 04. 13

Induced to hatch for cysts 2011. 06. 29

Separation of neonates for test 2011. 06. 30

Collect of sample 2011. 06. 29

Experimental start 2011. 06. 30

Exposure date 2011. 06. 30

Evaluation population growth rate 2011. 06. 30 ~ 07. 04

Experimental completion 2011. 07. 04

Draft of final report 2011. 07. 19

Final Report 2011. 07. 20

Study completion 2013. 07. 31

1.9.2 Treated ballast water (3-32 PSU) and non-Treated ballast water (3-32 PSU)

Study initiation 2011. 04. 13

Induced to hatch for cysts 2011. 07. 12

Separation of neonates for test 2011. 07. 13

Collect of sample 2011. 07. 12

Experimental start 2011. 07. 13
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Exposure date 2011. 07. 13

Evaluation population growth rate 2011. 07. 13 ~ 07. 17

Experimental completion 2011. 07. 17

Draft of final report 2011. 07. 19

Final Report 2011. 07. 20

Study completion 2013. 07. 31

1.10 Responsible Personnel

Laboratory manager (Test site manager)

Statistical analysis

Myung-Baek Shon

Culture of test organisms

Observation and record

Disposal of the resting test organisms

So Eun Jo

Sampling, transit and custody of test substance or solution

Disposal of the resting substance

Check the chemical condition

Tae Won Kim

1.11 Retention of records and data

1.11.1 Duration

Duration of storage is 5 years after end of the study. It will be decided that storage of data after 5 years

should be consulted with the client.

1.11.2 Place of storage

Name: Archives of Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

1.11.3 Retention of records and data

Study plan, final report, raw data, documents related with the study, communication documents, and etc.
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2. MATERIALS AND METHODS

2.1 Test substance-1 (Treated ballast water (> 32 PSU) -Treated)

2.1.1 Substance name

Treated water

2.1.2 Lot No.

none

2.1.3 Type

liquid

2.1.4 Principal ingredients

Seawater

2.1.5 Temperature

12~26 ˚C

2.1.6 Salinity

> 32 PSU

2.1.7 pH

6~8

2.1.8 Custody condition

Constant room at 4 ˚C for 7 days

2.1.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

2.1.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.1.11 Disposal of the resting substances

Scrap after test

2.1.12 Certificate of analysis

Client supplies to test organization
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2.2 Test substance-2 (Non-treated ballast water (> 32 PSU) -Control)

2.2.1 Substance name

Non-treated water

2.2.2 Lot No.

none

2.2.3 Type

liquid

2.2.4 Principal ingredients

Seawater

2.2.5 Temperature

12~26 ˚C

2.2.6 Salinity

> 32 PSU

2.1.7 pH

6~8

2.2.8 Custody condition

Constant room at 4 ˚C for 7 days

2.2.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

2.2.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.2.11 Disposal of the resting substances

Scrap after test

2.2.12 Certificate of analysis

Client supplies to test organization
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2.3 Test substance-3 (Treated ballast water (3-32 PSU) -Treated)

2.3.1 Substance name

Treated water

2.3.2 Lot No.

none

2.3.3 Type

liquid

2.3.4 Principal ingredients

Seawater

2.3.5 Temperature

12~26 ˚C

2.3.6 Salinity

3-32 PSU

2.3.7 pH

6~8

2.3.8 Custody condition

Constant room at 4 ˚C for 7 days

2.3.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

2.3.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.3.11 Disposal of the resting substances

Scrap after test

2.3.12 Certificate of analysis

Client supplies to test organization
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2.4 Test substance-4 (Non-treated ballast water (3-32 PSU) -Control)

2.4.1 Substance name

Non-treated water

2.4.2 Lot No.

none

2.4.3 Type

liquid

2.4.4 Principal ingredients

Seawater

2.4.5 Temperature

12~26 ˚C

2.4.6 Salinity

3-32 PSU

2.3.7 pH

6~8

2.4.8 Custody condition

Constant room at 4 ˚C for 7 days

2.4.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

2.4.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.4.11 Disposal of the resting substances

Scrap after test

2.4.12 Certificate of analysis

Client supplies to test organization
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2.5 Preparation of the test substance (SOP#TP-011)

The concentration of test substance is diluted on the control seawater (non-treated ballast water by the

KTM-BWMS) as crude liquid. The six concentrations of test substance including 0.00 % (only non-treated

ballast water by the KTM-BWMS) and 100.00 % are arranged for the final definitive experiment.

2.6 Culture condition

2.6.1 Hatching of test organisms (SOP#TO-007)

Test organisms Brachionus plicatilis

Vessel 6 hole plate

Medium 20 PSU filtered seawater (0.45μm membrane filter, Whatman)

Temperature 25 ˚C

Light source “cool-white” fluorescent lamp

Light cycle Continuous light

Light cycle 1,000 ~ 3,000 lux

The cysts were obtained from commercial supplier (See ‘2.7 Test system’).

2.6.2 Feeding regime

None

2.7 Test system

2.7.1 Test organisms

.1 Scientific name Brachionus plicatilis

.2 Producer MicroBioTests Inc., Belgium

.3 Dealer Marine Eco-Technology Institute Co., Ltd., Republic of Korea

2.7.2 Ground of selected test organisms

Marine rotifer, Brachionus plicatilis have the advantages of cosmopolitan distribution, wide salinity

adaptability, importance trophic roles as primary consumer in marine ecosystem, short generation time and

easy culture in small spaces. For this reason Brachionus plicatilis is commonly used as a toxicity test.

2.7.3 Preparation of the test organisms (SOP#TO-007)

Hatch of rotifer cyst is initiated for approximately 24 h before the start of the test, and have to be carried

out in seawater of reduced salinity (20 PSU). They are incubated at 25 ˚C and 1,000 to 3,000 lux continuous

illumination. They are checked the hatching hourly after 24 h incubation in order to collect the test animals
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within 2 hours of their hatching. For the > 32 PSU ballast water treated, rotifer neonates are acclimated for

approximately 1 hour to adapt to the eventual salinity change.

2.7.4 Check the test organisms for the test (SOP#TO-007)

Health of the test organisms such as the mortality, appearance and abnormal behavior is observed with a

microscope (SZ51, Olympus).

2.7.5 Disposal of the resting test organisms (SOP#TO-006)

The resting test organisms are scrapped after sterilization by the autoclave.

2.8 Study design

2.8.1 Test concentration (SOP#TP-011)

Control Control seawater 100.00 %: Seawater treated by KTM-BWMS 0.00 %

6.25 % Control seawater 93.75 %: Seawater treated by KTM-BWMS 6.25 %

12.50 % Control seawater 87.50 %: Seawater treated by KTM-BWMS 12.50 %

25.00 % Control seawater 75.00 %: Seawater treated by KTM-BWMS 25.00 %

50.00 % Control seawater 50.00 %: Seawater treated by KTM-BWMS 50.00 %

100.00 % Control seawater 0.00 %: Seawater treated by KTM-BWMS 100.00 %

2.8.2 Exposure conditions (SOP#TP-014)

Brachionus plicatilis is placed in test vessels containing food (Chlorella vulgaris , 1 × 106 cells/mL)

divided into five neonates each replication of concentration including the control. And then the test vessels

are placed in incubator for 96 hours at 25 ± 1˚C.

Experiment conditions and criteria are shown Annex 2 and application site is shown Annex 4.

2.8.3 Observation item and measurement components

.1 Population growth rate (SOP#TP-014)

Each test vessel is checked for density of Brachionus plicatilis every 24 hours after the beginning of

the experiment. Mortalities are recorded and then dead animals are removed.

Calculations of the population growth rate and the percentage inhibition growth are shown Annex 3.

.2 Other observations (SOP#TP-014)

In addition to immobility and mortality, any abnormal behavior and appearance are recorded.

.3 Temperature (SOP#TE-002)

Temperature of the solutions is measured at the beginning and end of the experiment.
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.4 Dissolved oxygen (SOP#TE-002)

Dissolved oxygen (DO) of the solutions is measured at the beginning of the experiment.

(Test vessels contain only 1mL, it is technically difficult to measure DO at the end of the experiment.

It is also known that brachionid rotifers are not sensitive to low oxygen levels.)

.5 pH (SOP#TE-002)

pH of the solutions is measured at the beginning and end of the experiment.

2.9 Statistical procedures (SOP#SP-101)

LC50 values of the end point are estimated by statistical analysis procedure referred from USEPA (2002).

TOXCALC 5.0 program (Tidepool scientific software, USA) is used for statistic analysis.

3. REFERENCES

ASTM. 2004. Standard guide for acute toxicity test with the rotifer Brachionus. E-1440-91. 8pp.

U.S. EPA. 2002. Short-term methods for estimating the chronic toxicity of effluents and receiving waters to

freshwater organisms. 1200 Pennsylvania Avenue NW Washington, DC 20460.EPA-821-R-02-013.

Janssen, C.R., G. Persoone and T.W. Snell. 1994. Cyst-based toxicity tests. VIII. Short-chronic toxicity tests

with the freshwater rotifer Brachionus calyciflorus. Aquatic Toxicology, 28, 243-258.
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ANNEX 1

Definitions

1. Rotifer cyst is that a rotifer embryo arrested at an early stage in development, enclosed in an envelope and

resistant to desiccation and temperature extremes. Rotifer cysts are often incorrectly referred to as resting

eggs. Upon hydration, embryonic development resumes until a neonate female emerges from the cyst.

2. Rotifer neonate is a newly hatched, freely swimming rotifer. All neonates hatched from cysts are females.

3. ECx is the concentration of the test substance dissolved in water that results in a x percent reduction in

reproduction of Brachionus plicatilis within a stated exposure period.

4. Lowest Observed Effect Concentration (LOEC) is the lowest tested concentration at which the

substance is observed to have a statistically significant effect on reproduction (at p < 0.05) when compared

with the control, within a stated exposure period.

5. No Observed Effect Concentration (NOEC) is the test concentration immediately below the LOEC.
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ANNEX 2

Experiment conditions and acceptability criteria for the rotifer, Brachionus plicatilis chronic population
growth rate toxicity tests with the > 32 and 3-32 PSU seawater treated by the KTM-BWMS

Test parameter Conditions

Test type Static (non-renewal)

Temperature 25 ± 1˚C

Light quality None

Light intensity Darkness

Photoperiod 0h light: 24 h dark

Test chamber size 1.5 mL (48 hole plate)

Test solution volume 1 mL

Renewal of test solutions None

Age of test organisms Less than 2 hours

Number of individuals per test chamber 5 inds.

Replicate test chambers per concentration 12

Feeding regime
Once at the beginning of the experiment

(Chlorella vulgaris , 1 × 106 cells/mL)

Cleaning None

Aeration None

Dilution water
Filtered seawater (Control seawater) by
0.45 μm membrane filter

Test concentration 5 including 100.00% effluents and a control

Dilution factor Effluents: 0.5

Test duration 96 hours

Endpoints population growth rate

Test acceptability criteria

- Population growth rate in the control
: ≥ 0.55
- Percentage growth inhibition in the lowest
toxicant concentration: < 50%
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ANNEX 3

1. The population growth rate for a specific period is calculated from equation [1]:

[1]

where:

rm is the intrinsic rate of natural increase in the population growth experiment.

N0 and Nt are represented the population size at t=0 and t=4, respectively.

2. The percentage growth inhibition for each treatment replicate is calculated from equation [2]:

[2]

where:

I% is percent inhibition in average growth rate.

N are represented the population in each test concentrations.

I% =
N control -

N control

× 100
N toxicant

rm =
ln Nt - ln N0

t
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ANNEX 4

Application Site

Application site for the chronic toxicity test with the rotifer, Brachionus plicatilis is shown as follow.
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2.2.2 ANNEX 2

The olive flounder fish, Paralichthys olivaceus, Chronic Toxicity Test
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STUDY PLAN PREPARATION AND APPROVAL

Study title: Chronic toxicity to assess the toxic effects of the > 32 & 3-32 PSU of ballast

water treated by the KTM-BWMS toward survival of olive flounder fish,

Paralichthys olivaceus

Study name: KTM-BWMS Study No: BW-DBWT1104-KT

Test facility Marine Eco-technology Institute Co., Ltd.

Study Director 2011. 04. 13.

Jin Hee Kim (signature)

Test site manager (Lab. manager) 2011. 04. 13.

Myung-Baek Shon (signature)

Test facility manager 2011. 04. 13.

Min Ho Son (signature)

Organization KT Marine Co., Ltd.

2011. 04. 13.

Monitor: Seong Ho Park (signature)

Sponsor: Og Yeol Bag (signature)
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1. OUTLINE OF STUDY

1.1 Purpose

The purpose of this study is to assess the chronic toxic effects of the > 32 and 3-32 PSU ballast water

treated by KTM-BWMS (or the > 32 and 3-32 PSU de-ballast water from the KTM-BWMS) on the survival

concerning early life stage of olive flounder, Paralichthys olivaceus.

1.2 Principle

The embryo and sac-fry stages of olive flounder fish, Paralichthys olivaceus are exposed to the treated

ballast water by the KTM-BWMS for 7 days. The test is begun by placing fertilized eggs in the test

chambers and terminated just before complete absorption of the yolk-sac of any larvae or mortalities by

starvation start in any of the test chambers in the control. Lethal and sub-lethal effects are assessed and

compared with the control.

1.3 Good Laboratory Practice

All procedure of this study is complied with following GLP regulation:

- “OECD Principles of Good Laboratory Practice”

Organization for Economic Co-operation and Development, ENV/MC/CHEM(98)17 (as revised in

1997)

1.4 Guideline

This study is complied with principle and conducted on the basis of following standard method and

applied for olive flounder, Paralichthys olivaceus:

- “OECD Guideline for Testing of Chemicals, 212, Fish, Short-term Toxicity Test on the

Embryo and Sac-fry Stages”

Organization for Economic Co-operation and Development, (Adopted: September. 21, 1998)

1.5 Sponsor

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea.

Tel: +82-51-441-0692~3 Fax: +82-51-441-0695

1.6 Test facility

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

Tel: + 82-51-611-6200 Fax: + 82-51-611-0588
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1.7 Test site

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

1.8 Study director

Name: Jin Hee Kim

Department: 3rd research team

1.9 Study timetable

1.9.1 Treated ballast water (> 32 PSU) and non-Treated ballast water (> 32 PSU)

Study initiation 2011. 04. 13

Receipt of test organisms 2011. 06. 30

Collect of sample 2011. 06. 29

Experimental start 2011. 06. 30

Exposure date 2011. 06. 30

Evaluation of mortality 2011. 06. 30 ~ 07. 07

Experimental completion 2011. 07. 07

Draft of final report 2011. 07. 21

Final Report 2011. 07. 22

Study completion 2013. 07. 31

1.9.2 Treated ballast water (3-32 PSU) and non-Treated ballast water (3-32 PSU)

Study initiation 2011. 04. 13

Receipt of test organisms 2011. 07. 13

Collect of sample 2011. 07. 12

Experimental start 2011. 07. 13

Exposure date 2011. 07. 13

Evaluation of mortality 2011. 07. 13 ~ 07. 20

Experimental completion 2011. 07. 20

Draft of final report 2011. 07. 21

Final Report 2011. 07. 22

Study completion 2013. 07. 31
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1.10 Responsible Personnel

Laboratory manager (Test site manager)

Statistical analysis

Myung-Baek Shon

Culture of test organisms

Disposal of the resting test organisms

So Eun Jo

Sampling, transit and custody of test substance or solution

Disposal of the resting substance

Observation and record

Check the chemical condition

Tae Won Kim

1.11 Retention of records and data

1.11.1 Duration

Duration of storage is 5 years after end of the study. It will be decided that storage of data after 5 years

should be consulted with the client.

1.11.2 Place of storage

Name: Archives of Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

1.11.3 Retention of records and data

Study plan, final report, raw data, documents related with the study, communication documents, and etc.
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2. MATERIALS AND METHODS

2.1 Test substance-1 (Treated ballast water (> 32 PSU) -Treated)

2.1.1 Substance name

Treated water

2.1.2 Lot No.

none

2.1.3 Type

liquid

2.1.4 Principal ingredients

Seawater

2.1.5 Temperature

12~26 ˚C

2.1.6 Salinity

> 32 PSU

2.1.7 pH

6~8

2.1.8 Custody condition

Constant room at 4 ˚C for 7 days

2.1.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

2.1.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.1.11 Disposal of the resting substances

Scrap after test

2.1.12 Certificate of analysis

Client supplies to test organization
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2.2 Test substance-2 (Non-treated ballast water (> 32 PSU) -Control)

2.2.1 Substance name

Non-treated water

2.2.2 Lot No.

none

2.2.3 Type

liquid

2.2.4 Principal ingredients

Seawater

2.2.5 Temperature

12~26 ˚C

2.2.6 Salinity

> 32 PSU

2.2.7 pH

6~8

2.2.8 Custody condition

Constant room at 4 ˚C for 7 days

2.2.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

2.2.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.2.11 Disposal of the resting substances

Scrap after test

2.2.12 Certificate of analysis

Client supplies to test organization
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2.3 Test substance-3 (Treated ballast water (3-32 PSU) -Treated)

2.3.1 Substance name

Treated water

2.3.2 Lot No.

none

2.3.3 Type

liquid

2.3.4 Principal ingredients

Seawater

2.3.5 Temperature

12~26 ˚C

2.3.6 Salinity

3-32 PSU

2.3.7 pH

6~8

2.3.8 Custody condition

Constant room at 4 ˚C for 7 days

2.3.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

2.3.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.3.11 Disposal of the resting substances

Scrap after test

2.3.12 Certificate of analysis

Client supplies to test organization
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2.4 Test substance-4 (Non-treated ballast water (3-32 PSU) -Control)

2.4.1 Substance name

Non-treated water

2.4.2 Lot No.

none

2.4.3 Type

liquid

2.4.4 Principal ingredients

Seawater

2.4.5 Temperature

12~26 ˚C

2.4.6 Salinity

3-32 PSU

2.3.7 pH

6~8

2.4.8 Custody condition

Constant room at 4 ˚C for 7 days

2.4.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

2.4.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.4.11 Disposal of the resting substances

Scrap after test

2.4.12 Certificate of analysis

Client supplies to test organization
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2.5 Preparation of the test substance (SOP#TP-011)

The concentration of test substance is diluted on the control seawater (non-treated ballast water by the

KTM-BWMS) as crude liquid. The six concentrations of test substance including 0.00 % (only non-treated

ballast water by the KTM-BWMS) and 100.00 % are arranged for the final definitive experiment.

2.6 Culture condition

2.6.1 Holding of test organisms
Test organisms Paralichthys olivaceus

Culture type -

Vessel -

Medium -

Temperature -

Light source -

Light cycle -

Light intensity -

Dissolved oxygen -

The eggs were obtained from commercial supplier (See ‘2.7 Test system’).

2.6.2 Feeding regime

None

2.7 Test system

2.7.1 Test organisms

.1 Scientific name Paralichthys olivaceus

.2 Producer KyeongYang Fisheries, Yo-Su city, Jeolla province, Republic of

Korea

.3 Dealer Marine Eco-Technology Institute Co., Ltd., Republic of Korea

2.7.2 Ground of selected test organisms

Pleuronectiformes Paralichthyidae Paralichthys olivaceus called olive flounder is widely distributed in

coastal water of Korea and is important as economic marine products. P. olivaceus plays in marine trophic

structure as a top predator.

2.7.3 Preparation of the test organisms (SOP#TP-007)

The fertilized eggs are obtained from commercial supplier. As the sensitivity of the experiment can be

seriously influenced by delaying the start of the test, the experiment is initiated within 8 hours after

fertilization.
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2.7.4 Check the test organisms for the experiment (SOP#TP-007)

Health of the eggs such as the color and appearance is observed.

2.7.5 Disposal of the remaining test organisms (SOP#TO-006)

The resting test organisms are scrapped after test.

2.8 Study design

2.8.1 Test concentration (SOP#TP-011)

Control Control seawater 100.00 %: Seawater treated by KTM-BWMS 0.00 %

6.25 % Control seawater 93.75 %: Seawater treated by KTM-BWMS 6.25 %

12.50 % Control seawater 87.50 %: Seawater treated by KTM-BWMS 12.50 %

25.00 % Control seawater 75.00 %: Seawater treated by KTM-BWMS 25.00 %

50.00 % Control seawater 50.00 %: Seawater treated by KTM-BWMS 50.00 %

100.00 % Control seawater 0.00 %: Seawater treated by KTM-BWMS 100.00 %

2.8.2 Exposure conditions (SOP#TP-007)

30 eggs are placed in the each replication of test vessel for the > 32 and 3-32 PSU treated ballast water.

And then the test vessels are placed in the constant room for 7 days at 20 ± 1˚C.

Experiment conditions and criteria are shown Annex 2 and application site is shown Annex 4.

2.8.3 Observation item and measurement components

.1 Hatching and survival (SOP#TP-007)

Eggs are considered dead if they are a marked loss of translucency and change in coloration.

Embryos are considered dead if they are absence of body movement and/or absence of heart-beat and/or

opaque discoloration. Larvae are considered dead if they have immobility and/or absence of respiration

movement and/or absence of heart-beat and/or opaque coloration of central nervous system and/or lack

of reaction mechanical stimulus. Dead eggs, embryos and larvae are removed after record.

.2 Length and weight (SOP#TP-010)

Total length and dry weights are measured at the end of the experiment.

.3 Stage of embryonic development (SOP#TP-007)

Embryonic development is observed and recorded as remark.

.4 Temperature (SOP#TE-002)

Temperature of the solutions on each vessel during the experiment period is measured daily.
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.5 Dissolved oxygen (SOP#TE-002)

DO of the solutions on each vessel during the experiment period is measured daily.

.6 pH (SOP#TE-002)

pH of the solutions on each vessel during the experiment period is measured daily.

.7 Salinity (SOP#TE-002)

Salinity of the solutions during the experiment period is measured daily.

2.9 Statistical procedures (SOP#SP-101)

NOEC, LOEC, LC25 and LC50 values of the end point are estimated by statistical analysis procedure

referred from USEPA (2002). TOXCALC 5.0 program (Tidepool scientific software, USA) is used for

statistic analysis.

3. REFERENCES

OECD guidelines for the testing of chemicals-212. Fish, Short-term toxicity test on the embryo and sac-fry

stages. 20pp.

U.S. EPA. 2002. Short-term methods for estimating the chronic toxicity of effluents and receiving waters to

freshwater organisms. 1200 Pennsylvania Avenue NW Washington, DC 20460.EPA-821-R-02-013.
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ANNEX 1

Definitions

1. Semi-static test is a test without flow of solution, but with occasional batch wise renewal of the test

solution after prolonged periods.

2. LC25 and LC50 in this study is the median lethal concentration, i.e. that concentration of the test

substance in water which kills 25 percent and 50 percent of a test batch of fish within a particular period of

exposure.

3. Lowest Observed Effect Concentration (LOEC) is the lowest tested concentration at which the

substance is observed to have a statistically significant reducing effect on survival (at p < 0.05) when

compared with the control, within a given exposure time. However, all test concentrations above the LOEC

must have a harmful effect equal to or greater than those observed at the LOEC

4. No Observed Effect Concentration (NOEC) is the test concentration immediately below the LOEC.
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ANNEX 2

Experiment conditions and acceptability criteria for embryo and sac-fry stage of olive flounder,
Paralichthys olivaceus, chronic mortality toxicity tests with the > 32 and 3-32 PSU seawater treated by the
KTM-BWMS

Test parameter Conditions

Test type Semi-static

Temperature 20±1˚C

Light quality “Cool white” fluorescent lighting

Light intensity 2,000 lux

Photoperiod 16 h light: 8 h dark

Test chamber size 1 L

Test solution volume 0.8 L

Renewal of test solutions Every other day

Age of test organisms Less than 8 h after fertilization

Number of individuals per test chamber 30

Replicate test chambers per concentration 3

Feeding regime None

Cleaning Exchange the test water

Aeration
To maintain DO
(> 60 % of the air saturation value)

Dilution water
Filtered seawater (Control seawater) by 1μm CP
Filter, Chisso Filter

Test concentration 5 including 100.00% effluents and a control

Dilution factor Effluents: 0.5

Test duration 7 days

Endpoints Survival

Test acceptability criteria

- The water temperature change:
less than ± 1.5 ˚C

- Overall survival of fertilized eggs in the
controls: more than 70 %
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ANNEX 3

Application Site

Application site for the chronic toxicity test with the fertilized eggs of olive flounder, Paralichthys
olivaceus is shown as follow.
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3. FINAL REPORT

3.1 Acute Toxicity

3.1.1 ANNEX 1

Skeletonema costatum, Growth Inhibition Test
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GLP STATEMENT AND SIGN

Study title: Acute toxicity test to assess the toxic effects of the > 32 & 3- 32 PSU of ballast water treated

by the KTM-BWMS toward algae growth inhibition

Study name: KTM-BWMS Study No: BW-DBWT1104-KT

All procedure of this study was carried out following GLP regulation:

- “OECD Principles of Good Laboratory Practice”

Organization for Economic Co-operation and Development, ENV/MC/CHEM(98)17 (as

revised in 1997)

This study was conducted on the basis of ‘the Study Plan’ complied and the procedure

described in this report was carried out under ‘the Responsibility of Study Director’. This report

was built on the basis of raw data from the study.

2011. 07. 20.

Marine Eco-Technology Institute Co., Ltd.

Study Director Myung-Baek Shon (signature)

2011. 07. 20.

Marine Eco-Technology Institute Co., Ltd.

Test Facility Manager Min Ho Son (signature)
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GUARANTEE OF ASSURANCE

Study title: Acute toxicity test to assess the toxic effects of the > 32 & 3-32 PSU of ballast water treated

by the KTM-BWMS toward algae growth inhibition

Study name: KTM-BWMS Study No: BW-DBWT1104-KT

Quality assurance personnel of Marine Eco-Technology Institute Co., Ltd., inspected as

follows. Inspection was carried out on the basis of the Standard Operation Procedure and each

inspection results were reported to Study Director and Test Facility Manager.

Types of inspection and the date inspection results were reported to the Test Facility

Management and the Study Director as follow:

Type of Inspections Date of Inspection
Date Reported to Test Facility

Management and Study Director

Study Plan 2011. 04. 13 2011. 04. 13

Test organisms 2011. 06. 20 / 07. 15 2011. 06. 21 / 07. 15

Storage of Test substance 2011. 06. 29 / 07. 12 2011. 06. 29 / 07. 12

Preparation of Test substance 2011. 06. 29 / 07. 12 2011. 06. 29 / 07. 12

Exposure 2011. 06. 30 / 07. 13 2011. 06. 30 / 07. 13

Observation 2011. 07. 01 / 07. 14 2011. 07. 01 / 07. 15

Record of raw data 2011. 07. 01 / 07. 14 2011. 07. 01 / 07. 15

Draft of final report 2011. 07. 19 2011. 07. 19

Final report 2011. 07. 20 2011. 07. 20

It is assurance that the procedure in this final report was appropriately carried out and the

description of the results was reflected raw data from the study.

2011. 07. 20.

Quality Assurance personnel

Marine Eco-Technology Institute Co., Ltd.

Jung-Im Park (signature)
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1. SUMMARY

The purpose of this study was to assess the acute toxic effects of the > 32 and 3-32 PSU seawater treated

by the KTM-BWMS on the growth of diatom, Skeletonema costatum.

The test substances were divided into two different salinities, the one was > 32 PSU treated ballast water

and the other was 3-32 PSU treated ballast water. Non-treated ballast water was used as control and dilution

water. Diatom, Skeletonema costatum inoculated 3,757 cells/mL at > 32 PSU and 3,255 cells/mL at 3-32

PSU on the exponential phase was incubated at the various test concentrations (0.00 % (non-treated ballast

water), 6.25 %, 12.50 %, 25.00 %, 50.00 % and 100.00 % (treated ballast water)) for 72 hours. The cell

density was counted daily by measuring chlorophyll a with 90% acetone using Tuner Designs AU-10

including the control. To obtain the regression equation between chlorophyll a and cell density, cell count in

the control was done by manual cell counting used the microscope with counting chamber. The raw data of

growth from this experiment was used for calculation of inhibition of growth rate and values of EC50, LOEC

and NOEC.

For > 32 PSU treated ballast water, growth curves based on the cell density calculated from chlorophyll

a value show that the growth at all test concentrations of the treated ballast water was similar to control

except for 100.00 % during the experiment period (72 hours). But, percent inhibition in specific average

growth rate at 50.00 % test concentration was slightly higher than other test concentrations at 72 hour and

growth of S. costatum was inhibited at 100.00 % test concentration.

For 3-32 PSU treated ballast water, growth curves based on the cell density calculated from chlorophyll

a value show that the growth at 6.25 % and 12.50 % test concentrations of the treated ballast water was

similar to control during the experiment period (72 hours). And percent inhibitions in specific average

growth rate at 25.00%, 50.00 % and 100.00 % test concentration were higher than other test concentrations at

the end of experiment.

For >32 PSU treated ballast water, values of NOEC and LOEC from hypothesis test based on growth

rate calculated from cell density were 25.00 % and 50.00 % at the end of the experiment, and EC50 value

from point estimation using linear interpolation was 93.97 % treated ballast water. For 3-32 PSU treated

ballast water, values of NOEC and LOEC from hypothesis test based on growth rate calculated from cell

density were 12.50 %, 25.00 %, and EC50 value from point estimation using linear interpolation was

83.32 % treated ballast water.

Therefore, it was assessed that the > 32 and 3-32 PSU ballast water treated by the KTM-BWMS had

acute toxic effects on the growth of diatom, Skeletonema costatum.
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2. OUTLINE OF STUDY

2.1 Purpose

The purpose of this study was to assess the acute toxic effects of the > 32 and 3-32 PSU ballast water

treated by the KTM-BWMS (or the >32 and 3-32 PSU de-ballast water from KTM-BWMS) on the growth of

diatom, Skeletonema costatum.

2.2 Principle

The system response is the reduction of growth in a series of algal cultures (test units) exposed to various

concentrations of a treated ballast water. The response is evaluated as a function of the exposure

concentration in comparison with the average growth of replicates, unexposed control cultures. For full

expression of the system response to toxic effects, the cultures are allowed unrestricted exponential growth

under nutrient sufficient conditions and continuous light for a sufficient period of time to measure reduction

of the specific growth rate.

2.3 Good Laboratory Practice

All procedure of this study was complied with following GLP regulation:

- “OECD Principles of Good Laboratory Practice”

Organization for Economic Co-operation and Development, ENV/MC/CHEM(98)17 (as revised in

1997)

2.4 Guideline

This study was conducted on the basis of following standard method and applied for Skeletonema

costatum:

- “OECD Guideline for Testing of Chemicals, 201, Freshwater alga and Cyanobacteria,

Growth Inhibition test”

Organization for Economic Co-operation and Development, (Adopted: Mar. 23, 2006)

2.5 Sponsor

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea.

Tel: +82-51-441-0692~3 Fax: +82-51-441-0695

2.6 Test facility

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

Tel: + 82-51-611-6200 Fax : + 82-51-611-0588
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2.7 Test site

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.8 Study director

Name: Myung-Baek Shon

Department: BAT (Bio-assay Team for aquatic organisms)

2.9 Schedule timetable

2.9.1 Treated ballast water (> 32 PSU) and non-Treated ballast water (> 32 PSU)

Study initiation 2011. 04. 13

Batch culture of test organisms 2011. 04. 13

Acclimation 2011. 04. 13 ~ 06. 26

Pre-culture for test 2011. 06. 26

Collect of sample 2011. 06. 29

Experimental start 2011. 06. 30

Exposure date 2011. 06. 30

Evaluation of cell density 2011. 06. 30 ~ 07. 03

Evaluation of chlorophyll a 2011. 07. 01 ~ 07. 04

Experimental completion 2011. 07. 04

Draft of final report 2011. 07. 19

Final Report 2011. 07. 20

Study completion 2013. 07. 31

2.9.2 Treated ballast water (3-32 PSU) and non-Treated ballast water (3-32 PSU)

Study initiation 2011. 04. 13

Batch culture of test organisms 2011. 04. 13

Acclimation 2011. 04. 13 ~ 07. 23

Pre-culture for test 2011. 07. 23

Collect of sample 2011. 07. 12

Experimental start 2011. 07. 13

Exposure date 2011. 07. 13

Evaluation of cell density 2011. 07. 13 ~ 07. 16

103



MEI ┃ Final Report / BW-DBWT1104-KT Rev. 1.08

Evaluation of chlorophyll a 2011. 07. 14 ~ 07. 17

Experimental completion 2011. 07. 17

Draft of final report 2011. 07. 19

Final Report 2011. 07. 20

Study completion 2013. 07. 31

2.10 Responsible Personnel

Laboratory manager (Test site manager)

Statistical analysis

Observation and record

Myung-Baek Shon

Culture of test organisms

Disposal of the resting test organisms

So Eun Jo

Sampling, transit and custody of test substance or solution

Disposal of the resting substance

Check the chemical condition

Tae Won Kim

2.11 Retention of records and data

2.11.1 Duration

Duration of storage is 5 years after end of the study. It will be decided that storage of data after 5 years

should be consulted with the client.

2.11.2 Place of storage

Name: Archives of Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.11.3 Retention of records and data

Study plan, final report, raw data, documents related with the study, communication documents, and etc.
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3. MATERIALS AND METHODS

3.1 Test substance-1 (Treated ballast water (> 32 PSU) -Treated)

3.1.1 Substance name

Treated water (KTM-S5D5-1)

3.1.2 Lot No.

None

3.1.3 Type

Liquid

3.1.4 Principal ingredients

Seawater

3.1.5 Temperature

23.2 ˚C

3.1.6 Salinity

33.6 PSU

3.1.7 pH

7.67

3.1.8 Custody condition

Constant room at 4 ˚C for 2 days

3.1.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

3.1.10 Responsible for Sampling, Handling and Custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

3.1.11 Disposal of the resting substances

Scrapped after test

3.1.12 Certificate of analysis

Client supplies to test organization
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3.2 Test substance-2 (Non-treated ballast water (> 32 PSU) -Control)

3.2.1 Substance name

Non-treated water (KTM-S3D5-1)

3.2.2 Lot No.

None

3.2.3 Type

Liquid

3.2.4 Principal ingredients

Seawater

3.2.5 Temperature

23.1 ˚C

3.2.6 Salinity

33.9 PSU

3.2.7 pH

7.50

3.2.8 Custody condition

Constant room at 4 ˚C for 2 days

3.2.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

3.2.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

3.2.11 Disposal of the resting substances

Scrapped after test

3.2.12 Certificate of analysis

Client supplies to test organization
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3.3 Test substance-3 (Treated ballast water (3-32 PSU) -Treated)

3.3.1 Substance name

Treated water (KTM-S5D5-3)

3.3.2 Lot No.

None

3.3.3 Type

Liquid

3.3.4 Principal ingredients

Seawater

3.3.5 Temperature

24.6 ˚C

3.3.6 Salinity

21.7 PSU

3.3.7 pH

7.46

3.3.8 Custody condition

Constant room at 4 ˚C for 2 days

3.3.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

3.3.10 Responsible for Sampling, Handling and Custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

3.3.11 Disposal of the resting substances

Scrapped after test

3.3.12 Certificate of analysis

Client supplies to test organization
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3.4 Test substance-4 (Non-treated ballast water (3-32 PSU) -Control)

3.4.1 Substance name

Non-treated water (KTM-S3D5-3)

3.4.2 Lot No.

None

3.4.3 Type

Liquid

3.4.4 Principal ingredients

Seawater

3.4.5 Temperature

24.8 ˚C

3.4.6 Salinity

22.7 PSU

3.4.7 pH

7.24

3.4.8 Custody condition

Constant room at 4 ˚C for 2 days

3.4.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

3.4.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

3.4.11 Disposal of the resting substances

Scrapped after test

3.4.12 Certificate of analysis

Client supplies to test organization
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3.5 Preparation of the test substance (SOP#TP-011)

The concentration of test substance was diluted on the control seawater (non-treated ballast water by the

KTM-BWMS) as crude liquid (see fig. 1 ~ 4 in the Annex 6). The six concentrations of test substance

including control (0.00 %, only non-treated ballast water by the KTM-BWMS) and 100.00 % were arranged

for the final definitive experiment.

3.6 Culture condition (SOP#TO-001)

3.6.1 Room

Incubator

3.6.2 Vessel type / volume

Glass flask / 250 mL

3.6.3 Medium volume / vessel volume & medium

100 mL/250 mL, f/2 (see Annex 2)

3.6.4 Inoculum density

5×103 cells/mL

3.6.5 Temperature

20 ˚C

3.6.6 Interval of inoculum

Every a week

3.6.7 L:D cycle

Continuous light

3.6.8 Intensity of light

3,000 lux

3.7 Test system

3.7.1 Test organisms (Strain code)

.1 Scientific name Skeletonema costatum (VBA-007, see Fig.5 in the Annex 6)

.2 Producer Marine Eco-Technology Institute Co., Ltd., Republic of Korea

.3 Dealer Marine Eco-Technology Institute Co., Ltd., Republic of Korea

3.7.2 Ground of selected test organisms

Skeletonema costatum is important as primary producer in trophic structure and widely distributed

phytoplankton species (Phlylum Bacillariophyta) in estuarine and coastal areas.
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3.7.3 Isolation of phytoplankton (SOP#TO-001)

Test organisms Skeletonema costatum

Isolation method Dilution techniques

3.7.4 Preparation of pre-culture and inoculation (SOP#TP-008)

A pre-culture was started 2 to 4 days before the beginning of the experiment. In order to maintain the

exponential growth phase until the start of the experiment, a pre-culture was made to inoculate 1×104

cells/mL from the algal stock culture to the growth medium. The pre-culture was incubated under the same

conditions as those in the experiment. And the pre-culture for the experiment with 3-32 PSU treated ballast

water was carried out same way after acclimation of test organisms for more than 14 days.

3.7.5 Check the test organisms for the experiment (SOP#TP-001)

The cell density in the pre-culture was immediately measured before use, in order to calculate the

required inoculation volume and appearance of cells.

3.7.6 Disposal of the resting test organisms (SOP#TO-006)

The resting test organisms were scrapped after sterilization by the autoclave.

3.8 Study design

3.8.1 Test concentration (SOP#TP-011)

Control Control seawater 100.00 %: Seawater treated by KTM-BWMS 0.00 %

6.25 % Control seawater 93.75 %: Seawater treated by KTM-BWMS 6.25 %

12.50 % Control seawater 87.50 %: Seawater treated by KTM-BWMS 12.50 %

25.00 % Control seawater 75.00 %: Seawater treated by KTM-BWMS 25.00 %

50.00 % Control seawater 50.00 %: Seawater treated by KTM-BWMS 50.00 %

100.00 % Control seawater 0.00 %: Seawater treated by KTM-BWMS 100.00 %

3.8.2 Exposure condition (SOP#TP-001)

The final cell density (3×103 cells/mL) was added from the algal pre-culture to the each concentration in

the test vessels. And then the test vessels were incubated for 72 hours at 22 ± 1˚C (see Fig.6 in the Annex 6).

Experiment conditions and criteria are shown Annex 3 and application site is shown Annex 5.

3.8.3 Observation item and measurement components

.1 Biomass (SOP#TP-009, SOP#TP-012)

Measurement of biomass was conducted by measuring chlorophyll a extracted with 90 % acetone using

Tuner Designs AU-10. The measurement of the chlorophyll a was immediately done within 2 hours after
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extraction of it (see Fig.7 in the Annex 6). To obtain the regression equation between chlorophyll a and cell

density, cell count in the control was done by manual cell counting used the microscope (CKX 31, Olympus)

with counting chamber.

Calculations of the growth and the inhibition growth rate are shown Annex 4.

.2 Other observations (SOP#TP-001)

Microscopic observation was performed to verify normal and healthy appearance of the inoculum culture

and to observe any abnormal appearance of the algae at the end of the experiment.

.3 pH (SOP#TE-002)

pH of the solutions at the beginning and at the end of the experiment was measured.

3.9 Statistical procedures (SOP#SP-101, SOP#SP-102)

For satisfactory correlation with biomass, chlorophyll a and cell density in the control were analyzed by

linear correlation analysis with Excel program and the greatest R2 value was yielded. Cell density was

calculated by equation from the linear correlation analysis.

Normal distribution of the data was tested by Shapiro-Wilk’s Test (p > 0.05) and equal variance of the

data was tested by Bartlett’s Test (p=0.62 (>32 PSU), 0.15 (3-32 PSU)). Hypothesis test of the data was

conducted by Dunnett’s Test and differences were considered to be significant at α=0.05. And then EC50

values of the end point were estimated by Linear Interpolation. TOXCALC 5.0 program (Tidepool scientific

software, USA) was used program for above statistic analysis.
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4. RESULTS

4.1 pH values

4.1.1 Treated ballast water - > 32 PSU (Table 1)

The initial pH value was ranged from 7.15 to 7.34 and the final one was ranged from 8.16 to 9.01.

4.1.2 Treated ballast water - 3-32 PSU (Table 2)

The initial pH value was ranged from 7.68 to 7.74 and the final one was ranged from 7.72 to 8.76.

4.2 Biomass

4.2.1 Treated ballast water - > 32 PSU (Table 3, 5, Figure 1)

The values of the chlorophyll a and cell density had functional relationship indicated by the equation

Y=0.93X+3.48 (R2=0.99, n=16, P<0.001). Therefore, cell density in the each test concentration including

control was calculated from the equation. The initial cell density was ranged from 3,160 to 4,267 cells/mL.

The mean cell density in the control at the end of the experiment was 527,553 cells/mL. The mean cell

densities in the each test concentration at the end of the experiment, 6.25 %, 12.50 %, 25.00 %, 50.00 % and

100.00 % were 511,026 cells/mL, 521,221 cells/mL, 488,738 cells/mL, 392,205 cells/mL and 34,291

cells/mL, respectively.

4.2.2 Treated ballast water - 3-32 PSU (Table 4, 6, Figure 2)

The values of the chlorophyll a and cell density had functional relationship indicated by the equation

Y=0.89X+3.65 (R2=0.98, n=16, P<0.001). Therefore, cell density in the each test concentration including

control was calculated from the equation. The initial cell density was ranged from 1,932 to 5,757 cells/mL.

The mean cell density in the control at the end of the experiment was 573,508 cells/mL. The mean cell

densities in the each test concentration at the end of the experiment, 6.25 %, 12.50 %, 25.00 %, 50.00 % and

100.00 % were 606,163 cells/mL, 572,085 cells/mL, 170,824 cells/mL, 60,502 cells/mL and 27,039 cells/mL,

respectively.

4.3 Growth curve

4.3.1 Treated ballast water - > 32 PSU (Fig. 3)

For the > 32 PSU ballast water treated, growth curves show that the growth at all test concentrations of

the treated ballast water is similar to control except for 100.00% during the experiment period (72 hours).

4.3.2 Treated ballast water - 3-32 PSU (Fig. 4)

For the 3-32 PSU ballast water treated, growth curves show that the growth at 6.25 % and 12.50 % test

concentrations of the treated ballast water is similar to control during the experiment period (72 hours) and

cell density at the end of the experiment is low at the higher test concentration.
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4.4 Specific growth rate and coefficient of variation

4.4.1 Treated ballast water - > 32 PSU (Table 7, 8)

The mean specific growth rate in the control over the experiment duration was ranged from 1.63 to 2.17

day-1.The mean specific growth rate in the each test concentration was ranged from 0.72 to 2.18 day-1. The

coefficient of variation for section-by-section specific growth rate in the control was ranged from 0.7 to 2.0%

less than 35 % and their mean was 1.3 % less than 10% required validity of the experiment.

4.4.2 Treated ballast water - 3-32 PSU (Table 9, 10)

The mean specific growth rate in the control over the experiment duration was ranged from 1.65 to 3.03

day-1 was greater than 0.92 day-1 required the validity of experiment. The mean specific growth rate in the

each test concentration was ranged from 0.76 to 3.50 day-1. The coefficient of variation for section-by-

section specific growth rate in the control was ranged from 6.5 to 10.8 % less than 35 % and their mean was

8.2 % less than 10 % required validity of the experiment.

4.5 Percent inhibition in average specific growth rate

4.5.1 Treated ballast water - > 32 PSU (Table 11)

The percent inhibition in average specific growth rate for the each test concentration was ranged from

-6.16 to 55.81 %. The percent inhibition in average specific growth rate at the end of the experiment was

ranged from -1.46 to 55.81 %.

4.5.2 Treated ballast water - 3-32 PSU (Table 12)

The percent inhibition in average specific growth rate for the each test concentration replicate was

ranged from -15.39 to 54.14 %. The percent inhibition in average specific growth rate at the end of the

experiment was ranged from -9.65 to 54.14 %.

4.6 Plotting of the concentration response curve (Figure 5, 6)

The cell density data on the each test concentration of > 32 and 3-32 PSU ballast water treated by the

KTM-BWMS was plotted on the graph.

4.7 ECx, LOEC and NOEC (Table 13)

For the > 32 PSU ballast water treated, values of NOEC, LOEC and EC50 were 25.00 %, 50.00 % and

93.97 % at the end of the experiment. And for the 3-32 PSU ballast water treated, values of NOEC, LOEC

and EC50 at the end of the experiment were 12.50 %, 25.00 % and 83.32 %.

4.8 Other observation

Any abnormal appearance of the algae during the experiment period was not observed.
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5. DISCUSSION AND CONCLUSION

The inhibition growth test of Skeletonema costatum on > 32 and 3-32 PSU treated ballast water was

carried out in a concentration series from 0.00 % (Control) to 100.00 % that were made by the treated ballast

water diluted in non-treated ballast water.

For > 32 PSU treated ballast water, growth curves (Fig. 3) based on the cell density (Table 5) calculated

from chlorophyll a value (Table 3) show that the growth at all test concentrations of the treated ballast water

was similar to control except for 100.00 % during the experiment period (72 hours). But percent inhibition in

specific average growth rate at 50.00 % test concentration was slightly higher than other test concentrations

at 72 hour and growth of S. costatum was inhibited at 100.00 % test concentration (Table 11). Values of

NOEC and LOEC from hypothesis test based on growth rate calculated from cell density were 25.00 % and

50.00 % at the end of the experiment (Table 13), and EC50 value from point estimation using linear

interpolation was 93.97 % treated ballast water (Table 13).

For 3-32 PSU treated ballast water, growth curves (Fig. 4) based on the cell density (Table 6) calculated

from chlorophyll a value (Table 4) show that the growth at 6.25 % and 12.50 % test concentrations of the

treated ballast water was similar to control during the experiment period (72 hours). And percent inhibitions

in specific average growth rate at 25.00%, 50.00 % and 100.00 % test concentration were higher than other

test concentrations at the end of experiment (Table 12). Values of NOEC and LOEC from hypothesis test

based on growth rate calculated from cell density were 12.50 %, 25.00 % (Table 13), and EC50 value from

point estimation using linear interpolation was 83.32 % treated ballast water (Table 13).

Therefore, it was assessed that the > 32 and 3-32 PSU ballast water treated by the KTM-BWMS had

acute toxic effects on the growth of diatom, Skeletonema costatum.
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TABLES
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Table 1. pH values of > 32 PSU test concentration series at the beginning and the end of the experiment

Concentration (%) Control 6.25 12.5 25 50 100

Initial 7.25 7.29 7.30 7.34 7.15 7.19

Final 8.94 8.96 8.98 9.01 8.94 8.16

Table 2. pH values of 3-32 PSU test concentration series at the beginning and the end of the experiment

Concentration (%) Control 6.25 12.5 25 50 100

Initial 7.69 7.68 7.74 7.73 7.72 7.68

Final 8.66 8.76 8.76 8.54 7.94 7.72

Table 3. Chlorophyll a (μg/mL) of Skeletonema costatum at various concentrations of treated > 32 PSU

ballast water during the experiment period

Control 6.25 %
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean

0 1.34 1.34 1.36 1.35 1.15 1.05 1.45 1.22

24 10.30 10.10 11.10 10.50 12.50 8.64 11.20 10.78

48 147.00 150.00 136.00 144.33 163.00 104.00 120.00 129.00

72 248.00 255.00 270.00 257.67 241.00 243.00 263.00 249.00

12.50 % 25.00 %
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean

0 1.30 1.22 1.25 1.26 1.30 1.14 1.19 1.21

24 10.40 10.60 10.60 10.53 10.60 8.98 7.59 9.06

48 139.00 135.00 132.00 135.33 137.00 115.00 98.60 116.87

72 251.00 252.00 260.00 254.33 230.00 239.00 243.00 237.33

50.00 % 100.00 %
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean

0 1.26 1.23 1.17 1.22 1.36 1.43 1.23 1.34

24 8.90 9.98 9.23 9.37 7.93 9.73 10.00 9.22

48 108.00 109.00 107.00 108.00 23.20 24.20 23.50 23.63

72 179.00 187.00 196.00 187.33 13.50 14.00 13.40 13.63
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Table 4. Chlorophyll a (μg/mL) of Skeletonema costatum at various concentrations of treated 3-32 PSU

ballast water during the experiment period

Control 6.25 %Elapsed time

(h) 1 2 3 Mean 1 2 3 Mean

0 1.15 0.64 1.02 0.94 0.57 0.57 0.56 0.57

24 26.80 29.40 26.10 27.43 22.20 24.70 18.00 21.63

48 196.00 192.00 147.00 178.33 173.00 165.00 125.00 154.33

72 235.00 249.00 218.00 234.00 239.00 261.00 247.00 249.00

12.50 % 25.00 %Elapsed time

(h) 1 2 3 Mean 1 2 3 Mean

0 1.33 1.33 0.96 1.21 0.51 0.42 0.45 0.46

24 25.00 27.70 22.40 25.03 19.60 25.00 16.30 20.30

48 175.00 168.00 143.00 162.00 83.70 78.70 38.20 66.87

72 220.00 244.00 236.00 233.33 59.10 61.50 16.40 45.67

50.00 % 100.00 %Elapsed time

(h) 1 2 3 Mean 1 2 3 Mean

0 0.44 0.60 0.35 0.46 0.49 0.60 0.70 0.60

24 20.10 20.60 19.40 20.03 4.97 4.81 4.95 4.91

48 39.60 31.40 30.90 33.97 12.60 11.20 9.99 11.26

72 19.70 20.00 18.80 19.50 6.48 7.90 8.32 7.57
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Table 5. Cell density (cells/mL) of Skeletonema costatum calculated by equation from linear correlation

analysis at various concentrations of treated > 32 PSU ballast water during the experiment period

Control 6.25 %
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean

0 3,965 3,965 4,020 3,983 3,439 3,160 4,267 3,622

24 26,420 25,943 28,324 26,896 31,632 22,437 28,561 27,543

48 313,044 318,981 291,200 307,742 344,615 226,903 259,202 276,907

72 509,143 522,495 551,021 527,553 495,765 499,590 537,723 511,026

12.50 % 25.00 %
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean

0 3,854 3,633 3,716 3,735 3,854 3,411 3,550 3,605

24 26,659 27,135 27,135 26,976 27,135 23,257 19,890 23,427

48 297,169 289,208 283,226 289,868 293,191 249,143 215,926 252,753

72 514,869 516,776 532,017 521,221 474,687 491,938 499,590 488,738

50.00 % 100.00 %
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean

0 3,744 3,661 3,495 3,633 4,020 4,212 3,661 3,964

24 23,064 25,656 23,858 24,193 20,717 25,058 25,704 23,826

48 235,009 237,032 232,984 235,008 56,222 58,472 56,897 57,197

72 375,970 391,573 409,070 392,205 33,979 35,148 33,745 34,291
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Table 6. Cell density (cells/mL) of Skeletonema costatum calculated by equation from linear correlation

analysis at various concentrations of treated 3-32 PSU ballast water during the experiment period

Control 6.25 %
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean

0 5,058 3,003 4,546 4,202 2,708 2,708 2,666 2,694

24 83,376 90,538 81,435 85,116 70,511 77,535 58,505 68,850

48 489,901 480,992 379,239 450,044 438,390 420,301 328,284 395,659

72 575,772 606,202 538,550 573,508 584,486 632,135 601,867 606,163

12.50 % 25.00 %
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean

0 5,757 5,757 4,307 5,274 2,453 2,064 1,932 2,150

24 78,373 85,863 71,076 78,437 63,111 78,373 71,358 70,947

48 442,898 427,096 370,040 413,345 229,734 217,479 186,952 211,388

72 542,945 595,356 577,952 572,085 168,544 174,622 169,305 170,824

50.00 % 100.00 %
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean

0 2,195 2,151 2,835 2,394 2,367 2,835 3,252 2,818

24 53,561 64,542 65,969 61,357 18,610 18,076 18,544 18,410

48 114,297 118,018 95,999 109,438 42,592 38,353 34,643 38,529

72 53,853 63,398 64,256 60,502 23,567 28,112 29,438 27,039
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Table 7. Specific growth rate of Skeletonema costatum at various concentrations of treated > 32 PSU ballast

water during the experiment period

Control 6.25%
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean

24 1.90 1.88 1.95 1.91 2.22 1.96 1.90 2.03

48 2.18 2.19 2.14 2.17 2.30 2.14 2.05 2.16

72 1.62 1.63 1.64 1.63 1.66 1.69 1.61 1.65

12.50% 25.00%
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean

24 1.93 2.01 1.99 1.98 1.95 1.92 1.72 1.86

48 2.17 2.19 2.17 2.18 2.17 2.15 2.05 2.12

72 1.63 1.65 1.65 1.65 1.60 1.66 1.65 1.64

50.00% 100.00%
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean

24 1.82 1.95 1.92 1.90 1.64 1.78 1.95 1.79

48 2.07 2.09 2.10 2.08 1.32 1.32 1.37 1.34

72 1.54 1.56 1.59 1.56 0.71 0.71 0.74 0.72

Table 8. Coefficient of variation of specific growth rate at the each test concentration of treated > 32 PSU

ballast water during the experiment period

Concentration (%)
Elapsed time (h)

Control 6.25 12.5 25.00 50.00 100.00

24 2.0 8.3 2.0 6.6 3.6 8.6

48 1.3 5.9 0.5 2.8 0.7 2.4

72 0.7 2.3 0.8 1.7 1.6 2.5

Mean 1.3 5.5 1.1 3.7 2.0 4.5
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Table 9. Specific growth rate of Skeletonema costatum at various concentrations of treated 3-32 PSU ballast

water during the experiment period

Control 6.25%
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean

24 2.80 3.41 2.89 3.03 3.26 3.35 3.09 3.23

48 2.29 2.54 2.21 2.35 2.54 2.52 2.41 2.49

72 1.58 1.77 1.59 1.65 1.79 1.82 1.81 1.81

12.50% 25.00%
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean

24 2.61 2.70 2.80 2.71 3.25 3.64 3.61 3.50

48 2.17 2.15 2.23 2.18 2.27 2.33 2.29 2.29

72 1.52 1.55 1.63 1.56 1.41 1.48 1.49 1.46

50.00% 100.00%
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean

24 3.19 3.40 3.15 3.25 2.06 1.85 1.74 1.89

48 1.98 2.00 1.76 1.91 1.44 1.30 1.18 1.31

72 1.07 1.13 1.04 1.08 0.77 0.76 0.73 0.76

Table 10. Coefficient of variation of specific growth rate at the each test concentration of treated 3-32 PSU

ballast water during the experiment period

Concentration (%)
Elapsed time (h)

Control 6.25 12.50 25.00 50.00 100.00

24 10.8 4.2 3.6 6.2 4.2 8.6

48 7.3 3.0 1.7 1.3 6.9 10.0

72 6.5 0.7 3.9 3.0 4.2 2.4

Mean 8.2 2.6 3.1 3.5 5.1 7.0
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Table 11. Percent inhibition in average specific growth rate of Skeletonema costatum at the each test

concentration of treated > 32 PSU ballast water during the experiment period

Concentration (%)
Elapsed time (h)

6.25 12.50 25.00 50.00 100.00

24 -6.16 -3.58 2.33 0.73 6.21

48 0.39 -0.12 2.37 4.06 38.55

72 -1.46 -1.08 -0.51 4.18 55.81

Table 12. Percent inhibition in average specific growth rate of Skeletonema costatum at the each test
concentration of treated 3-32 PSU ballast water during the experiment period

Concentration (%)
Elapsed time (h)

6.25 12.50 25.00 50.00 100.00

24 -6.69 10.75 -15.39 -7.14 37.81

48 -6.19 6.90 2.16 18.43 44.15

72 -9.65 4.94 11.31 34.50 54.14

Table 13. NOEC, LOEC and EC50 value calculated from mean response cell density at the end of the
experiment

95 % confidence of limit (%)
Test substance

NOEC
(%)

LOEC
(%)

EC50
(%) lower upper

> 32 PSU ballast water 25.00 50.00 93.97 92.08 95.77

3-32 PSU ballast water 12.50 25.00 83.32 72.13 92.16
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FIGURES
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Fig. 1. Cell density in the control as function of chlorophyll a concentration (> 32 PSU ballast water,

n=16, P<0.001).

Fig. 2. Cell density in the control as function of chlorophyll a concentration (3-32 PSU ballast

water, n=16, P<0.001).
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Fig. 3. Growth curves of Skeletonema costatum at various concentrations of treated > 32 PSU ballast water.

The data of cell density was transformed to log value.
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Fig. 4. Growth curves of Skeletonema costatum at various concentrations of treated 3-32 PSU ballast water.

The data of cell density was transformed to log value.
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Fig. 5. Plot of the concentration-response data at the end of the experiment with Skeletonema costatum
in > 32 PSU treated ballast water. The dotted line was represented as 0.05 level of significant
and vertical bar was represented maximum and minimum.

Fig. 6. Plot of the concentration-response data at the end of the experiment with Skeletonema costatum
in 3-32 PSU treated ballast water. The dotted line was represented as 0.05 level of significant
and vertical bar was represented maximum and minimum.
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ANNEX 1

Definitions

1. Coefficient of variation is a dimensionless measure of the variability of a parameter, defined as the ratio

of the standard deviation to the mean. This can also be expressed as a percent value. Mean coefficient of

variation of average specific growth rate in replicate control cultures should be calculated as follows:

1. Calculate % CV of average specific growth rate out of the daily/section by section growth rates

for the respective replicate;

2. Calculate the mean value out of all values calculated under point 1 to get the mean coefficient of

variation of the daily/section by section specific growth rate in replicate control cultures.

2. ECx is the concentration of the test substance dissolved in test medium that results in an x % (e.g. 50 %)

reduction in growth of the test organisms within a stated exposure period.

3. Growth rate (average specific growth rate) is the logarithmic increase in biomass during the exposure

period.

4. Lowest Observed Effect Concentration (LOEC) is the lowest tested concentration at which the

substance is observed to have a statistically significant reducing effect on growth (at p < 0.05) when

compared with the control, within a given exposure time.

5. No Observed Effect Concentration (NOEC) is the test concentration immediately below the LOEC.

6. Specific growth rate is a response variable defined as quotient of the difference of the natural logarithms

of a parameter of observation and the respective time period.

7. Pre-culture is intended to give an amount of algae suitable for the inoculation of test cultures. The pre-

culture is incubated under the conditions of the test and used when still exponentially growing, normally

after an incubation period of 2 to 4 days.

8. Biomass is the dry weight of living matter present in a population expressed in terms of a given volume;

e.g., mg algae/liter test solution. Usually “biomass” is defined as a mass, but in this study this word is used to

refer to mass per volume. Also in this study, surrogates for biomass as cell density (cells/mL) from cell

counts.
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ANNEX 2

Composition of f/2 (Guillard & Ryther 1962, Guillard 1975)

Component Stock solution Quantity Used Concentration in Final Medium (M)

NaNO3 75.0 g/ℓdH2O 1.0 mL 8.82×10-4

NaH2PO·4H2O 5.0 g/ℓdH2O 1.0 mL 3.62×10-5

Na2SiO3·9H2O 30.0 g/ℓdH2O 2.0 mL 1.06×10-4

*f/2 Trace metal solution (see recipe below) 1.0 mL -
**f/2 Vitamin solution (see recipe below) 0.5 mL -

*f/2 Trace metal solution

Component Stock solution Quantity Used Concentration in Final Medium (M)

FeCl3·6H2O - 3.15 g 1.17×10-5

Na2EDTA·2H2O - 4.36 g 1.17×10-5

CuSO4·5H2O 9.8 g/ℓdH2O 1.0 mL 3.93×10-8

Na2MoO4·2H2O 6.3 g/ℓdH2O 1.0 mL 2.60×10-8

ZnSO4·7H2O 22.0 g/ℓdH2O 1.0 mL 7.65×10-8

CoCl2·6H2O 10.0 g/ℓdH2O 1.0 mL 4.20×10-8

MnCl2·4H2O 180.0 g/ℓdH2O 1.0 mL 9.10×10-7

**f/2 Vitamin solution

Component Stock solution Quantity Used Concentration in Final Medium (M)

Cyanocobalamin

(Vitamin B12)
1.0 g/ℓdH2O 1.0 mL 3.69×10-10

Biotin (Vitamin H) 0.1 g/ℓdH2O 10.0 mL 2.05×10-9

Thiamine HCl (vitamin B1) - 200.0 mL 2.96×10-7
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ANNEX 3

Experiment conditions and acceptability criteria for diatom, Skeletonema costatum, acute growth
toxicity tests with > 32 and 3-32 PSU seawater treated by the KTM-BWMS

Test parameter Conditions

Test type Static

Temperature 22 ± 1 ˚C

Light quality “Cool white” fluorescent lamp

Light intensity 3,000 lux

Photoperiod Continuous illumination

Test chamber size 15 mL

Test solution volume 10 mL

Renewal of test solutions None

Age of test organisms 2~3 days

Initial cell density in test chambers 3,000 cells/mL

No. replicate chambers per concentration 3

Shaking rate Twice daily by hand

Aeration None

Dilution water
Filtered seawater (Control seawater) by 0.2μm
membrane filter

Test concentrations
Effluents: 5 including receiving water 100.00 %
and a control

Test dilution factor Effluents: 0.5

Test duration 72 hours

Endpoint Growth (Cell counts)

Test acceptability criteria

Specific growth rate: ≥ 0.92 day-1

Variation coefficient of the control specific
growth rate: ≤ 10 %
Change of the control pH: ≤ 1.5
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ANNEX 4

1.1. The average specific growth rate for a specific period was calculated from equation [1]:

[1]

where:

μi-j is the average specific growth rate from time I to j;

Xi is the biomass at time i;

Xj is the biomass at time j;

1.2. The percent inhibition of growth rate for each treatment replicate was calculated from equation [2]:

[2]

where:

%Ir is percent inhibition in average specific growth rate;

μC is mean value for average specific growth rate (μ) in the control group ;

μT is average specific growth rate (μ) in treatment replicate

Each treatment group and control group were calculated a mean value for growth rate along with variance

estimates.

%Ir =
μC

- μ T

μ
C

× 100

μ
i- j

=
lnXj - lnXi

tj
- t i

(day- 1)
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ANNEX 5

Application Site

Application site for the acute toxicity test with the diatom, Skeletonema costatum is shown as follow.
The arrowheads indicated the systematical rotation of the test vessels.
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ANNEX 6

Preparation of test substance and procedures of the experiment

Fig. 1. For aquatic toxicity test, collection of the control (untreated) and treated de-ballasting water from the
KTM-BWMS (left down: sampling equipments).

Fig. 2. Transfer collected samples to the constant room (4 ± 1 ˚C).
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Fig. 3. Preparation of test concentration diluted with non-treated seawater on treated seawater through flow-
meter.

Fig. 4. For the growth inhibition test using Skeletonema costatum, final preparation of test substance was
filtered by 0.45 μm membrane filter to make the f/2 medium.
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Fig. 5. Test organisms in this study: Aquatic plant (Diatom), Skeletonema costatum.

Fig. 6. The inoculation procedures of Skeletonema costatum (① Preparation of test apparatus;② Sterilizing
medium by filter (0.2 μm membrane filter);③ Inoculation;④ Incubation at 22 ˚C).

① ②

④③
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Fig. 7. The extraction of chlorophyll a at the each test concentration (① Collecting of the samples; ②
Adding the aqueous acetone solution; ③ Centrifuging the extract after storage for a 24 hours in the
4˚C cold and dark room;④ Estimating the chlorophyll a).

① ②

④③
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Brachionus plicatilis, Acute Toxicity Test
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GLP STATEMENT AND SIGN
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All procedure of this study was carried out following GLP regulation:
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This study was conducted on the basis of ‘the Study Plan’ complied and the procedure

described in this report was carried out under ‘the Responsibility of Study Director’. This report

was built on the basis of raw data from the study.
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Marine Eco-Technology Institute Co., Ltd.

Study Director Jung-Im Park (signature)
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Quality assurance personnel of Marine Eco-Technology Institute Co., Ltd., inspected as
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Exposure 2011. 06. 30 / 07. 13 2011. 06. 30 / 07. 13

Observation 2011. 07. 01 / 07. 14 2011. 07. 01 / 07. 14

Record of raw data 2011. 07. 01 / 07. 14 2011. 07. 01 / 07. 14

Draft of final report 2011. 07. 19 2011. 07. 19

Final report 2011. 07. 20 2011. 07. 20

It is assurance that the procedure in this final report was appropriately carried out and the

description of the results was reflected raw data from the study.
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Quality Assurance personnel

Marine Eco-Technology Institute Co., Ltd.

Jin Hee Kim (signature)
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1. SUMMARY

The purpose of this study was to assess the acute toxic effects of the > 32 and 3-32 PSU seawater treated

by the KTM-BWMS on the survival of the rotifer, Brachionus plicatilis.

The test substances were divided into two different salinities, the one was > 32 PSU treated ballast water

and the other was 3-32 PSU treated ballast water. Non-treated ballast water was used as control and dilution

water. 5 individuals of the rotifers, Brachionus plicatilis were exposed at the various test concentrations

(0.00 % (non-treated ballast water), 6.25 %, 12.50 %, 25.00 %, 50.00 % and 100.00 % (treated ballast

water)) for 24 hours. Dead rotifer was observed and recorded using a microscopy after 24 hours. The raw

data of survival from this experiment was used for calculation of LCx values.

The survival of rotifer, Brachionus plicatilis on the > 32 and 3-32 PSU ballast water treated by the

KTM-BWMS system was assessed.

For the > 32 PSU treated ballast water, the test organisms survived in the all test concentrations

including the control. For the 3-32 PSU treated ballast water, the test organisms survived in all test

concentrations excluding 50.00 % and 100.00 % (the only 1 individual died in each test concentration).

Result of the statistical analysis was indicated that survival proportion of test organisms in the all test

concentration (the > 32 and 3-32 PSU ballast water treated by the KTM-BWMS) was not significantly

different with control. So, LC50 values based on survival data at the end of the experiment with > 32 and 3-

32 PSU treated ballast water were greater than 100.00 %.

Therefore, it was assessed that the > 32 and 3-32 PSU ballast water treated by the KTM-BWMS did not

have acute toxic effects on the survival of the rotifer, Brachionus plicatilis.
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2. OUTLINE OF STUDY

2.1 Purpose

The purpose of this study was to assess the acute toxic effects of the > 32 and 3-32 PSU ballast water

treated by the KTM-BWMS (or the > 32 and 3-32 PSU de-ballast water from the KTM-BWMS) on the

survival of Brachionus plicatilis.

2.2 Principle

Neonate of Brachionus plicatilis aged less than 2 hours at the start of test is exposed to the treated ballast

water of the KTM-BWMS at a range of concentrations including 100.00 % effluent, for a period of 24 hours.

Mortality are recorded at 24 hours and compared with control values. The results are analyzed in order to

calculate the LC50 at 24 hours.

2.3 Good Laboratory Practice

All procedure of this study was complied with following GLP regulation:

- “OECD Principles of Good Laboratory Practice”

Organization for Economic Co-operation and Development, ENV/MC/CHEM(98)17 (as revised in

1997)

2.4 Guideline

This study using Brachionus plicatilis was complied with principle and conducted on the basis of

following standard method:

-“Standard Guide for Acute Toxicity Test with the Rotifer Brachionus. E 1440-91”

American Society of Testing Materials, (Reapproved 2004)

2.5 Sponsor

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea.

Tel: +82-51-441-0692~3 Fax: +82-51-441-0695

2.6 Test facility
Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

Tel: + 82-51-611-6200 Fax : + 82-51-611-0588

2.7 Test site
Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

144



MEI ┃ Final report / BW-DBWT1104-KT Rev. 1.07

2.8 Study director

Name: Jung-Im Park

Department: 2nd research team

2.9 Study timetable

2.9.1 Treated ballast water (> 32 PSU) and non-Treated ballast water (> 32 PSU)

Study initiation 2011. 04. 13

Induced to hatch for cysts 2011. 06. 29

Separation of neonates for test 2011. 06. 30

Collect of sample 2011. 06. 29

Experimental start 2011. 06. 30

Exposure date 2011. 06. 30

Evaluation survival 2011. 07. 01

Experimental completion 2011. 07. 01

Draft of final report 2011. 07. 19

Final Report 2011. 07. 20

Study completion 2013. 07. 31

2.9.2 Treated ballast water (3-32 PSU) and non-Treated ballast water (3-32 PSU)

Study initiation 2011. 04. 13

Induced to hatch for cysts 2011. 07. 25

Separation of neonates for test 2011. 07. 26

Collect of sample 2011. 07. 12

Experimental start 2011. 07. 13

Exposure date 2011. 07. 13

Evaluation survival 2011. 07. 14

Experimental completion 2011. 07. 14

Draft of final report 2011. 07. 19

Final Report 2011. 07. 20

Study completion 2013. 07. 31
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2.10 Responsible Personnel

Laboratory manager (Test site manager)

Statistical analysis

Myung-Baek Shon

Receipt and culture of test organisms

Observation and record

Disposal of the resting test organisms

So Eun Jo

Sampling, transit and custody of test substance or solution

Disposal of the resting substance

Check the chemical condition

Tae Won Kim

2.11 Retention of records and data

2.11.1 Duration

Duration of storage is 5 years after end of the study. It will be decided that storage of data after 5 years

should be consulted with the client.

2.11.2 Place of storage

Name: Archives of Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.11.3 Retention of records and data

Study plan, final report, raw data, documents related with the study, communication documents, and etc.
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3. MATERIALS AND METHODS

3.1 Test substance-1 (Treated ballast water (> 32 PSU) -Treated)

3.1.1 Substance name

Treated water (KTM-S5D5-1)

3.1.2 Lot No.

None

3.1.3 Type

Liquid

3.1.4 Principal ingredients

Seawater

3.1.5 Temperature

23.2 ˚C

3.1.6 Salinity

33.6 PSU

3.1.7 pH

7.67

3.1.8 Custody condition

Constant room at 4 ˚C for 2 days

3.1.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

3.1.10 Responsible for Sampling, Handling and Custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

3.1.11 Disposal of the resting substances

Scrapped after test

3.1.12 Certificate of analysis

Client supplies to test organization
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3.2 Test substance-2 (Non-treated ballast water (> 32 PSU) -Control)

3.2.1 Substance name

Non-treated water (KTM-S3D5-1)

3.2.2 Lot No.

None

3.2.3 Type

Liquid

3.2.4 Principal ingredients

Seawater

3.2.5 Temperature

23.1 ˚C

3.2.6 Salinity

33.9 PSU

3.2.7 pH

7.50

3.2.8 Custody condition

Constant room at 4 ˚C for 2 days

3.2.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

3.2.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

3.2.11 Disposal of the resting substances

Scrapped after test

3.2.12 Certificate of analysis

Client supplies to test organization
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3.3 Test substance-3 (Treated ballast water (3 - 32 PSU) -Treated)

3.3.1 Substance name

Treated water (KTM-S5D5-3)

3.3.2 Lot No.

None

3.3.3 Type

Liquid

3.3.4 Principal ingredients

Seawater

3.3.5 Temperature

24.6 ˚C

3.3.6 Salinity

21.7 PSU

3.3.7 pH

7.46

3.3.8 Custody condition

Constant room at 4 ˚C for 2 days

3.3.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

3.3.10 Responsible for Sampling, Handling and Custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

3.3.11 Disposal of the resting substances

Scrapped after test

3.3.12 Certificate of analysis

Client supplies to test organization
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3.4 Test substance-4 (Non-treated ballast water (3 - 32 PSU) -Control)

3.4.1 Substance name

Non-treated water (KTM-S3D5-3)

3.4.2 Lot No.

None

3.4.3 Type

Liquid

3.4.4 Principal ingredients

Seawater

3.4.5 Temperature

24.8 ˚C

3.4.6 Salinity

22.7 PSU

3.4.7 pH

7.24

3.4.8 Custody condition

Constant room at 4 ˚C for 2 days

3.4.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

3.4.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

3.4.11 Disposal of the resting substances

Scrapped after test

3.4.12 Certificate of analysis

Client supplies to test organization
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3.5 Preparation of the test substance (SOP#TP-011)

The concentration of test substance was diluted on the control seawater (non-treated ballast water by the

KTM-BWMS) as crude liquid (see fig. 1 ~ 4 in the Annex 4). The six concentrations of test substance

including control (0.00 %, only non-treated ballast water by the KTM-BWMS) and 100.00 % were arranged

for the final definitive experiment.

3.6 Culture condition

3.6.1 Hatching of test organisms (SOP#TO-007)

Test organisms Brachionus plicatilis

Vessel 6 well plate

Medium 20 PSU filtered seawater (0.45μm membrane filter, Whatman)

Temperature 25 ˚C

Light source “cool-white” fluorescent lamp

Light cycle Continuous light

Light cycle 1,000 ~ 3,000 lux

The cysts were obtained from commercial supplier (See ‘3.7 Test system’).

3.6.2 Feeding of the test organisms

None

3.7 Test system

3.7.1 Test organisms

.1 Scientific name Brachionus plicatilis

.2 Producer MicroBioTests Inc., Belgium

.3 Dealer Marine Eco-Technology Institute Co., Ltd., Republic of Korea

3.7.2 Ground of selected test organisms

Marine rotifer, Brachionus plicatilis have the advantages of cosmopolitan distribution, wide salinity

adaptability, importance trophic roles as primary consumer in marine ecosystem, short generation time and

easy culture in small spaces. For this reason Brachionus plicatilis is commonly used as a toxicity test.

3.7.3 Preparation of the test organisms (SOP#TO-007)

Hatching of rotifer cysts were initiated for approximately 24 hours before the start of the test, and had to

be carried out in seawater of reduced salinity (20 PSU). They were incubated at 25 ˚C and 1,000 to 3,000 lux

continuous illumination. They were checked for the hatching hourly after 24 hours incubation in order to
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collect the test animals within 2 hours of their hatching. For the > 32 PSU ballast water treated, rotifer

neonates were acclimated for approximately 1 hour to adapt to the eventual salinity change.

3.7.4 Check the test organisms for the test (SOP#TO-007)

Health of the test organisms such as the mortality, appearance and abnormal behavior was observed with

a microscope (SZ51, Olympus).

3.7.5 Disposal of the resting test organisms (SOP#TO-006)

The resting test organisms were scrapped after sterilization by the autoclave.

3.8 Study design

3.8.1 Test concentration (SOP#TP-011)

Control Control seawater 100.00 %: Seawater treated by KTM-BWMS 0.00 %

6.25 % Control seawater 93.75 %: Seawater treated by KTM-BWMS 6.25 %

12.50 % Control seawater 87.50 %: Seawater treated by KTM-BWMS 12.50 %

25.00 % Control seawater 75.00 %: Seawater treated by KTM-BWMS 25.00 %

50.00 % Control seawater 50.00 %: Seawater treated by KTM-BWMS 50.00 %

100.00 % Control seawater 0.00 %: Seawater treated by KTM-BWMS 100.00 %

3.8.2 Exposure condition (SOP#TP-013)

Brachionus plicatilis was placed in test vessels divided into five neonates each replication of

concentration including the control. And then the test vessels were placed in incubator for 24 hours at 25 ±

1˚C.

Experiment conditions and criteria are shown Annex 2 and application site is shown Annex 3.

3.8.3 Observation item and measurement components

.1 Mortality (SOP#TP-013)

Each test vessel was checked for mortality of Brachionus plicatilis at 24 hours after the beginning of

the experiment. Justification of mortality was that animals did not exhibit any internal or external

movement in 5 seconds of observation.

.2 Other observations (SOP#TP-013)

In addition to mortality, any abnormal behavior and appearance were recorded.

.3 Temperature (SOP#TE-002)

Temperature of the solutions was measured at the beginning and end of the experiment.
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.4 Dissolved oxygen (SOP#TE-002)

Dissolved oxygen (DO) of the solutions was measured at the beginning and end of the experiment.

.5 pH (SOP#TE-002)

pH of the solutions was measured at the beginning and end of the experiment.

3.9 Statistical procedures (SOP#SP-101)

For the >32 PSU treated ballast water, statistical analysis meant nothing because all test organisms

survived in all test concentrations. For the 3-32 PSU treated ballast water, normal distribution of the data was

tested by Kolmogorove D Test (p≤0.05) and equal variance of the data could not be confirmed. Therefore,

hypothesis test of the data was conducted by Steel’s Many-One Rank test and differences were considered to

be significant at α=0.05. TOXCALC 5.0 program (Tidepool scientific software, USA) was used program for

above statistic analysis.
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4. RESULTS

4.1 Dissolved oxygen, pH and Temperature

4.1.1 Treated ballast water - > 32 PSU (Table 1 ~ 3)

For the > 32 PSU ballast water treated by the KTM-BWMS, DO value was ranged from 4.16 to 4.64

mg/L at the beginning experiment and from 3.41 to 4.28 mg/L at the end of the experiment. pH value was

ranged from 7.47 to 7.91 at the beginning experiment and from 7.58 to 7.83 at the end of the experiment.

Mean temperature was 25.10 ± 0.47 ˚C (Mean ± S.D.).

4.1.2 Treated ballast water - 3-32 PSU (Table 4 ~ 6)

For the 3-32 PSU ballast water treated by the KTM-BWMS, DO value was ranged from 6.28 to 7.70

mg/L at the beginning experiment and from 5.88 to 6.54 mg/L at the end of the experiment. pH value was

ranged from 7.43 to 7.61 at the beginning experiment and from 7.76 to 7.85 at the end of the experiment.

Mean temperature was 25.13 ± 0.44 ˚C (Mean ± S.D.).

4.2 Survival proportion

4.2.1 Treated ballast water - > 32 PSU (Table 7, 8)

The rotifer, Brachionus plicatilis exposed > 32 PSU ballast water for 24 hours did not decease during the

experiment period. The test organisms survived in all test concentrations including the control. Therefore, the

mean survival proportion of the test organisms was 100.0 percent in all test concentrations.

4.2.2 Treated ballast water - 3-32 PSU (Table 9, 10)

The rotifer, Brachionus plicatilis exposed 3-32 PSU ballast water for 24 hours did not decease during the

experiment period. The all test organisms survived in the control and 6.25 %, 12.50 % and 25.00 % of test

concentrations including control. Therefore, the mean survival proportion of the test organisms was 100.0

percent in the 6.25 %, 12.50 % and 25.00 % of test concentrations including control. The only one individual

died in 50.00 % and 100.00 % of test concentration, respectively. Therefore, the mean survival proportion of

the test organisms was 98.3 ± 5.83 (Mean ± S.D.), respectively.

4.3 Plotting of the concentration response curve (Fig. 1, 2)

The raw data of proportion of survival from the each test concentration of the > 32 and 3-32 PSU

treated ballast water was plotted on the graph.

4.4 LCx (Table 11)

LC50 values based on number of the living organisms at the end of the experiment both the > 32 and 3-

32 PSU treated ballast water were greater than 100.00 %.
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4.5 Other observation

Any abnormal appearance or behavior of the rotifer, Brachionus plicatilis during the experiment period

was not observed.

5. DISCUSSION AND CONCLUSION

The survival of rotifer, Brachionus plicatilis on the > 32 and 3-32 PSU ballast water treated by the

KTM-BWMS system was assessed.

For the > 32 PSU treated ballast water, the test organisms survived in the all test concentrations

including the control (Table 7). For the 3-32 PSU treated ballast water, the test organisms survived in all test

concentrations excluding 50.00 % and 100.00 % (Table 9, the only 1 individual died in each test

concentration).

Result of statistical analysis was indicated that survival proportion of test organisms in the all test

concentration (the > 32 and 3-32 PSU ballast water treated by the KTM-BWMS) was not significantly

different with control (p>0.05). So, LC50 values based on survival data at the end of the experiment with >

32 and 3-32 PSU treated ballast water were greater than 100.00 %.

Therefore, it was assessed that the > 32 and 3-32 PSU ballast water treated by the KTM-BWMS did not

have acute toxic effects on the survival of the rotifer, Brachionus plicatilis.
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Table 1. Dissolved oxygen value (mg/L) of > 32 PSU test concentration series at the beginning and the end
of the test using Brachionus plicatilis

Concentration Control 6.25 % 12.50 % 25.00 % 50.00 % 100.00 %

Initial 4.16 4.38 4.17 4.21 4.56 4.64

Final 3.77 3.41 3.54 4.04 4.28 3.94

Table 2. pH value of > 32 PSU test concentration series at the beginning and the end of the test using
Brachionus plicatilis

Concentration Control 6.25 % 12.50 % 25.00 % 50.00 % 100.00 %

Initial 7.47 7.74 7.73 7.85 7.91 7.71

Final 7.58 7.73 7.76 7.80 7.83 7.83

Table 3. Temperature (˚C) of > 32 PSU test concentration series at the beginning and the end of the test
using Brachionus plicatilis

Concentration Control 6.25 % 12.50 % 25.00 % 50.00 % 100.00 %

Initial 25.40 25.10 24.70 24.30 24.30 24.80

Final 25.20 25.30 25.60 25.50 25.50 25.50

Table 4. Dissolved oxygen value (mg/L) of 3-32 PSU test concentration series at the beginning and the end
of the test using Brachionus plicatilis

Concentration Control 6.25 % 12.50 % 25.00 % 50.00 % 100.00 %

Initial 7.70 7.31 7.10 6.63 6.28 6.66

Final 6.16 6.54 5.88 5.91 5.98 5.89

Table 5. pH value of 3-32 PSU test concentration series at the beginning and the end of the test using
Brachionus plicatilis

Concentration Control 6.25 % 12.50 % 25.00 % 50.00 % 100.00 %

Initial 7.61 7.57 7.54 7.47 7.43 7.44

Final 7.76 7.85 7.82 7.84 7.85 7.84

Table 6. Temperature (˚C) of 3-32 PSU test concentration series at the beginning and the end of the test
using Brachionus plicatilis

Concentration Control 6.25 % 12.50 % 25.00 % 50.00 % 100.00 %

Initial 24.30 24.50 25.60 25.00 25.10 25.30

Final 25.30 25.40 24.60 25.60 25.50 25.30
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Table 7. Data of living and dead rotifer, Brachionus plicatilis, exposed to > 32 PSU treated ballast water for
24 hours

Concentration Control 6.25 % 12.50% 25.00% 50.00 % 100.00%

Elapsed time (h) 24 24 24 24 24 24

Replication L D L D L D L D L D L D

1 5 0 5 0 5 0 5 0 5 0 5 0

2 5 0 5 0 5 0 5 0 5 0 5 0

3 5 0 5 0 5 0 5 0 5 0 5 0

4 5 0 5 0 5 0 5 0 5 0 5 0

5 5 0 5 0 5 0 5 0 5 0 5 0

6 5 0 5 0 5 0 5 0 5 0 5 0

7 5 0 5 0 5 0 5 0 5 0 5 0

8 5 0 5 0 5 0 5 0 5 0 5 0

9 5 0 5 0 5 0 5 0 5 0 5 0

10 5 0 5 0 5 0 5 0 5 0 5 0

11 5 0 5 0 5 0 5 0 5 0 5 0

12 5 0 5 0 5 0 5 0 5 0 5 0

Mean 5 0 5 0 5 0 5 0 5 0 5 0

*L: Living test organism; D: Dead test organism

Table 8. Survival proportion (%) for the rotifer, Brachionus plicatilis, exposed to > 32 PSU treated ballast
water for 24 hours

Concentration Control 6.25 % 12.50 % 25.00 % 50.00 % 100.00 %

Elapsed time(h) 0 24 0 24 0 24 0 24 0 24 0 24

Mean 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

STDEV(±) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

*STDEV: Standard deviation

Table 9. Data of living and dead rotifer, Brachionus plicatilis, exposed to 3-32 PSU treated ballast water for
24 hours

Concentration Control 6.25 % 12.50% 25.00% 50.00 % 100.00%

Elapsed time (h) 24 24 24 24 24 24

Replication L D L D L D L D L D L D

1 5 0 5 0 5 0 5 0 5 0 5 0

2 5 0 5 0 5 0 5 0 5 0 5 0

3 5 0 5 0 5 0 5 0 5 0 5 0

4 5 0 5 0 5 0 5 0 5 0 5 0

5 5 0 5 0 5 0 5 0 5 0 5 0

6 5 0 5 0 5 0 5 0 5 0 5 0

7 5 0 5 0 5 0 5 0 5 0 5 0

8 5 0 5 0 5 0 5 0 4 1 5 0

9 5 0 5 0 5 0 5 0 5 0 5 0

10 5 0 5 0 5 0 5 0 5 0 5 0

11 5 0 5 0 5 0 5 0 5 0 4 1

12 5 0 5 0 5 0 5 0 5 0 5 0

Mean 5 0 5 0 5 0 5 0 5 0 5 0

*L: Living test organism; D: Dead test organism
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Table 10. Survival proportion (%) for the rotifer, Brachionus plicatilis, exposed to 3-32 PSU treated ballast
water for 24 hours

Concentration Control 6.25 % 12.50 % 25.00 % 50.00 % 100.00 %

Elapsed time(h) 0 24 0 24 0 24 0 24 0 24 0 24

Mean 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 98.3 100.0 98.3

STDEV(±) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.8 0.0 5.8

*STDEV: Standard deviation

Table 11. LC50 value calculated from survival data at the end of the experiment

95 % confidence of limit (%)
Test substance LC50 (%)

lower upper

> 32 PSU treated ballast water > 100.00 - -

3-32 PSU treated ballast water > 100.00 - -

* -: no data; > 100: greater than 100 %
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FIGURES
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Fig. 1. Plot of the concentration-response (survival proportion) data from the each test concentration for the >
32 PSU treated ballast water.

Fig. 2. Plot of the concentration-response (survival proportion) data from the each test concentration for the
3-32 PSU treated ballast water.
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ANNEX 1

Definitions

1. Rotifer cyst is that a rotifer embryo arrested at an early stage in development, enclosed in an envelope and

resistant to desiccation and temperature extremes. Rotifer cysts are often incorrectly referred to as resting

eggs. Upon hydration, embryonic development resumes until a neonate female emerges from the cyst.

2. Rotifer neonate is a newly hatched, freely swimming rotifer. All neonates hatched from cysts are females.

3. LCx (Lethal concentration) is the concentration estimated to die x percent of the test organisms within a

stated exposure period.
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ANNEX 2

Experiment conditions and acceptability criteria for rotifer, Brachionus plicatilis, acute survival toxicity
tests with the > 32 and 3-32 PSU seawater treated by the KTM-BWMS

Test parameter Conditions

Test type Static (non-renewal)

Temperature 25 ± 1˚C

Light quality None

Light intensity Darkness

Photoperiod 0 h light: 24 h dark

Test chamber size 12 mL (48 well plate)

Test solution volume 1 mL

Renewal of test solutions None

Age of test organisms Less than 2 hours

Number of individuals per test chamber 5 inds.

Replicate test chambers per concentration 12

Feeding regime None

Cleaning None

Aeration None

Dilution water
Filtered seawater (Control seawater) by
0.45 μm membrane filter

Test concentration 5 including 100.00 % effluents and a control

Dilution factor Effluents: 0.5

Test duration 24 hours

Endpoints Survival

Test acceptability criteria
90% or greater survival of all control
organisms
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ANNEX 3

Application Site

Application site for the acute toxicity test with the rotifer, Brachionus plicatilis is shown as follow.
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ANNEX 4

Preparation of test substance and procedures of the experiment

Fig. 1. For aquatic toxicity test, collection of the control (untreated) and treated de-ballasting water from

KTM-BWMS (left down: sampling equipments).

Fig. 2. Transfer collected samples to the constant room (4 ± 1 ˚C).
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Fig. 3. Preparation of test concentration diluted with non-treated seawater on treated seawater through flow-
meter.

Fig. 4. For the survival test using the rotifer, Brachionus plicatilis, final preparation of test substance was
filtered by 0.45 μm membrane filter.
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Fig. 5. Test organisms in this study: Cyst and neonates of rotifer, Brachionus plicatilis.

Fig. 6. Procedure of acute crustacean toxicity test set up (① Placing of test substance on the test vessel by
pipette;② Separation of test organisms from hatching chamber;③ Placing of test organisms on the
test vessel by modified pasteur pipette;④ Observation of the test organisms).

① ②

④③
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3.1.3 ANNEX 3

The olive flounder fish, Paralichthys olivaceus, Acute Toxicity Test
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GLP STATEMENT AND SIGN

Study title: Acute toxicity to assess the toxic effects of the > 32 & 3-32 PSU of ballast water treated by

the KTM-BWMS toward survival of olive flounder fish, Paralichthys olivaceus

Study name: KTM-BWMS Study No: BW-DBWT1104-KT

All procedure of this study was carried out following GLP regulation:

- “OECD Principles of Good Laboratory Practice”

Organization for Economic Co-operation and Development, ENV/MC/CHEM(98)17 (as

revised in 1997)

This study was conducted on the basis of ‘the Study Plan’ complied and the procedure

described in this report was carried out under ‘the Responsibility of Study Director’. This report

was built on the basis of raw data from the study.

2011. 07. 20.

Marine Eco-Technology Institute Co., Ltd.

Study Director Jin Hee Kim (signature)

2011. 07. 20.

Marine Eco-Technology Institute Co., Ltd.

Test Facility Manager Min Ho Son (signature)
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GUARANTEE OF ASSURANCE

Study title: Acute toxicity to assess the toxic effects of the > 32 & 3-32 PSU of ballast water treated by

the KTM-BWMS toward survival of olive flounder fish, Paralichthys olivaceus

Study name: KTM-BWMS Study No: BW-DBWT1104-KT

Quality assurance personnel of Marine Eco-Technology Institute Co., Ltd., inspected as

follows. Inspection was carried out on the basis of the Standard Operation Procedure and each

inspection results were reported to Study Director and Test Facility Manager.

Types of inspection and the date inspection results were reported to the Test Facility

Management and the Study Director as follow:

Type of Inspections Date of Inspection
Date Reported to Test Facility

Management and Study Director

Study Plan 2011. 04. 13 2011. 04. 13

Test organisms 2011. 06. 17 2011. 06. 17

Storage of Test substance 2011. 06. 30 / 07. 13 2011. 06. 30 / 07. 13

Preparation of Test substance 2011. 06. 29 / 07. 12 2011. 06. 29 / 07. 13

Exposure 2011. 06. 30 / 07. 13 2011. 06. 30 / 07. 15

Observation 2011. 07. 01 / 07. 14 2011. 07. 01 / 07. 15

Record of raw data 2011. 07. 04 / 07. 15 2011. 07. 04 / 07. 15

Draft of final report 2011. 07. 19 2011. 07. 19

Final report 2011. 07. 20 2011. 07. 20

It is assurance that the procedure in this final report was appropriately carried out and the

description of the results was reflected raw data from the study.

2011. 07. 20.

Quality Assurance personnel

Marine Eco-Technology Institute Co., Ltd.

Jung-Im Park (signature)
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1. SUMMARY

The purpose of this study was to assess the acute toxic effects of the > 32 and 3-32 PSU seawater treated

by the KTM-BWMS on the survival of olive flounder, Paralichthys olivaceus.

The test substance type was divided into two different salinities, one of them was > 32 PSU treated

ballast water and the other was 3-32 PSU treated ballast water. Non-treated ballast water was used as control

and dilution water. 20 individuals of olive flounder fish, Paralichthys olivaceus were exposed at the various

test concentration (0.00 % (non-treated ballast water), 6.25 %, 12.50 %, 25.00 %, 50.00 % and 100.00 %

(treated ballast water)) for 96 hours. The mortality of the olive flounder fish, Paralichthys olivaceus test

organisms was daily observed and recorded. The raw data of living test organisms from this experiment was

used for calculation of LC25 and LC50 values.

The mortality on the > 32 and 3-32 PSU ballast water treated by the KTM-BWMS using olive flounder

fish, Paralichthys olivaceus was assessed for 96 hours.

For >32 PSU treated ballast water, Mean 19~20 of 20 test organisms in each test concentration

(including control) were survived and mean mortality of test organism at the end of the experiment was

ranged from 3.3 to 10.0 percent. The result of statistic analysis indicated that survival proportion of test

organism in the control was not significantly different with other test concentrations.

For 3~32 PSU treated ballast water, all test organisms in all test concentration including control were

survived during the test period. Therefore, mortality was 0.0 percent in all test concentrations.

LC25 and LC50 values based on the survival data were greater than 100.00 % in both > 32 and 3-32

PSU treated ballast water.

Therefore, it was assessed that the > 32 and 3-32 PSU ballast water treated by the KTM-BWMS did not

have acute toxic effects on the survival of the olive flounder, Paralichthys olivaceus.
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2. OUTLINE OF STUDY

2.1 Purpose

The purpose of this study was to assess the acute toxic effects of the > 32 and 3-32 PSU ballast water

treated by the KTM-BWMS on the survival of juvenile olive flounder, Paralichthys olivaceus.

2.2 Principle

The juvenile olive flounder, Paralichthys olivaceus is exposed to the treated ballast water of the KTM-

BWMS for a period of 96 hours. Mortalities are recorded at 24, 48, 72 and 96 hours and the concentration

which kills 50 percent of the fish (LC50) are determined where possible.

2.3 Good Laboratory Practice

All procedure of this study was complied with following GLP regulation:

- “OECD Principles of Good Laboratory Practice”

Organization for Economic Co-operation and Development, ENV/MC/CHEM(98)17 (as revised in

1997)

2.4 Guideline

This study was complied with principle and conducted on the basis of following standard method and

applied for Paralichthys olivaceus:

- “OECD Guideline for Testing of Chemicals, 203, Fish, Acute Toxicity Test”

Organization for Economic Co-operation and Development, (Adopted: July. 17, 1992)

2.5 Sponsor

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea.

Tel: +82-51-441-0692~3 Fax: +82-51-441-0695

2.6 Test facility

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

Tel: + 82-51-611- 6200 Fax: + 82-51-611- 0588

2.7 Test site

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea
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2.8 Study director

Name: Jin Hee Kim

Department: 3rd research team

2.9 Study timetable

2.9.1 Treated ballast water (> 32 PSU) and non-Treated ballast water (> 32 PSU)

Study initiation 2011. 04. 13

Receipt of test organisms 2011. 06. 16

Acclimatization on Lab Condition ( > 32 PSU) 2011. 06. 16 ~ 06. 23

Settling in the test vessel 2011. 06. 23

Observation of mortality 2011. 06. 23 ~ 06.30

Collect of sample 2011. 06. 29

Experimental start 2011. 06. 30

Exposure date 2011. 06. 30

Evaluation of mortality 2011. 06. 30 ~ 07. 04

Experimental completion 2011. 07. 04

Draft of final report 2011. 07. 19

Final Report 2011. 07. 20

Study completion 2013. 07. 31

2.9.2 Treated ballast water (3-32 PSU) and non-Treated ballast water (3-32 PSU)

Study initiation 2010. 05. 02

Receipt of test organisms 2011. 06. 16

Acclimatization on Lab Condition (20 PSU) 2011. 06. 16 ~ 07. 05

Settling in the test vessel 2011. 07. 05

Observation of mortality 2011. 07. 05 ~ 07. 12

Collect of sample 2011. 07. 12

Experimental start 2011. 07. 13

Exposure date 2011. 07. 13

Evaluation of mortality 2011. 07. 13 ~ 07. 17

Experimental completion 2011. 07. 17

Draft of final report 2011. 07. 19

Final Report 2011. 07. 20

Study completion 2013. 07. 31
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2.10 Responsible personnel

Laboratory manager (Test site manager)

Statistical analysis

Myung-Baek Shon

Receipt and culture of test organisms

Disposal of the resting test organisms

So Eun Jo

Sampling, transit and custody of test substance or solution

Disposal of the resting substance

Observation and record

Check the chemical condition

Tae Won Kim

2.11 Retention of records and data

2.11.1 Duration

Duration of storage is 5 years after end of the study. It will be decided that storage of data after 5 years

should be consulted with the client.

2.11.2 Place of storage

Name: Archives of Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.11.3 Retention of records and data

Study plan, final report, raw data, documents related with the study, communication documents, and etc.
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3. MATERIALS AND METHODS

3.1 Test substance-1 (Treated ballast water (> 32 PSU) -Treated)

3.1.1 Substance name

Treated water (KTM-S5D5-1)

3.1.2 Lot No.

None

3.1.3 Type

Liquid

3.1.4 Principal ingredients

Seawater

3.1.5 Temperature

23.2 ˚C

3.1.6 Salinity

33.6 PSU

3.1.7 pH

7.67

3.1.8 Custody condition

Constant room at 4 ˚C for 2 days

3.1.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

3.1.10 Responsible for Sampling, Handling and Custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

3.1.11 Disposal of the resting substances

Scrapped after test

3.1.12 Certificate of analysis

Client supplies to test organization
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3.2 Test substance-2 (Non-treated ballast water (> 32 PSU) -Control)

3.2.1 Substance name

Non-treated water (KTM-S3D5-1)

3.2.2 Lot No.

None

3.2.3 Type

Liquid

3.2.4 Principal ingredients

Seawater

3.2.5 Temperature

23.1 ˚C

3.2.6 Salinity

33.9 PSU

3.2.7 pH

7.50

3.2.8 Custody condition

Constant room at 4 ˚C for 2 days

3.2.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

3.2.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

3.2.11 Disposal of the resting substances

Scrapped after test

3.2.12 Certificate of analysis

Client supplies to test organization
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3.3 Test substance-3 (Treated ballast water (3 - 32 PSU) -Treated)

3.3.1 Substance name

Treated water (KTM-S5D5-3)

3.3.2 Lot No.

None

3.3.3 Type

Liquid

3.3.4 Principal ingredients

Seawater

3.3.5 Temperature

24.6 ˚C

3.3.6 Salinity

21.7 PSU

3.3.7 pH

7.46

3.3.8 Custody condition

Constant room at 4 ˚C for 2 days

3.3.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

3.3.10 Responsible for Sampling, Handling and Custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

3.3.11 Disposal of the resting substances

Scrapped after test

3.3.12 Certificate of analysis

Client supplies to test organization
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3.4 Test substance-4 (Non-treated ballast water (3 - 32 PSU) -Control)

3.4.1 Substance name

Non-treated water (KTM-S3D5-3)

3.4.2 Lot No.

None

3.4.3 Type

Liquid

3.4.4 Principal ingredients

Seawater

3.4.5 Temperature

24.8 ˚C

3.4.6 Salinity

22.7 PSU

3.4.7 pH

7.24

3.4.8 Custody condition

Constant room at 4 ˚C for 2 days

3.4.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

3.4.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

3.4.11 Disposal of the resting substances

Scrapped after test

3.4.12 Certificate of analysis

Client supplies to test organization
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3.5 Preparation of the test substance (SOP#TP-011)

The concentration of test substance was diluted on the control seawater (non-treated ballast water by the

KTM-BWMS) as crude liquid (see Fig. 1~3 in the Annex 4). The six concentrations of test substance

including control (0.00 %, only non-treated ballast water by the KTM-BWMS) and 100.00 % were arrange

for the final definitive experiment.

3.6 Culture condition (SOP#TO-005)

3.6.1 Holding of test organisms

Test organisms Paralichthys olivaceus

Culture type Semi- recycle filter system

Vessel 1,000 L cubic aquarium

Medium 600 L filtered seawater (1μm CP Filter, Chisso Filter)

Temperature 20 ± 1 ˚C

Light source “cool-white” fluorescent lamp

Light cycle L : D = 16 h :8 h

Light intensity 2,000 lux

Dissolved oxygen 6.0~8.0 mg/L

3.6.2 Feeding regime

Type of diet Suhyup feed for fish 1-1S

Supplier National Federation of Fisheries Cooperatives

Diet supply period once a day

3.7 Test system

3.7.1 Test organisms

.1 Scientific name Paralichthys olivaceus (see Fig. 4 in the Annex 4)

.2 Producer KyeongYang Fisheries, Yo-Su city, Jeolla province, Republic of

Korea

.3 Dealer Marine Eco-Technology Institute Co., Ltd., Republic of Korea

3.7.2 Ground of selected test organisms

Pleuronectiformes Paralichthyidae Paralichthys olivaceus called olive flounder is widely distributed in

coastal water of Korea and is important as economic marine products. P. olivaceus plays in marine trophic

structure as a top predator.
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3.7.3 Preparation of the test organisms (SOP#TP-006)

Paralichthys olivaceus aged 30~50 days was acclimated in the laboratory for 2 ~ 3 weeks until 24 hours

before the beginning of the experiment. Following a 48 hour settling-in period, mortalities were recorded and

the following criteria applied:

.1 Mortalities of greater than 10 percent of population in seven days: rejection of entire batch.

.2 Mortalities of between 5 and 10 percent of population: acclimatization continued for seven

additional days.

.3 Mortalities of less than 5 percent of population: acceptance of batch.

.4 The condition index of test organisms was shown Annex 5.

3.7.4 Check the test organisms for the experiment (SOP#TP-006)

Health of the test organisms such as the mortality, appearance and abnormal behavior was observed.

3.7.5 Disposal of the remaining test organisms (SOP#TO-006)

The resting test organisms were euthanized under tricaine methanesulfonate (MS-222).

3.8 Study design

3.8.1 Test concentration (SOP#TP-011)

Control Control seawater 100.00 %: Seawater treated by KTM-BWMS 0.00 %

6.25 % Control seawater 93.75 %: Seawater treated by KTM-BWMS 6.25 %

12.50 % Control seawater 87.50 %: Seawater treated by KTM-BWMS 12.50 %

25.00 % Control seawater 75.00 %: Seawater treated by KTM-BWMS 25.00 %

50.00 % Control seawater 50.00 %: Seawater treated by KTM-BWMS 50.00 %

100.00 % Control seawater 0.00 %: Seawater treated by KTM-BWMS 100.00 %

3.8.2 Exposure condition (SOP#TP-006)

20 fishes on the > 32 PSU and 3-32 PSU treated ballast water were placed in the each replication of test

vessel. The test vessels were placed in the constant room for 96 hours at 20 ± 1 ˚C (see Fig. 4~5 in the Annex

4).

Experiment condition and criteria are shown Annex 2 and application site was shown Annex 3.

3.8.3 Observation item and measurement components

.1 Mortality (SOP#TP-006)

Fish was considered dead if there was no visible movement and if touching of the caudal

peduncle produces no reaction. Mortalities were recorded and then dead animals were removed.
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.2 Other observations (SOP#TP-006)

Records were kept of visible abnormalities, such as loss of equilibrium, swimming behavior,

respiratory function and pigmentation.

.3 Temperature (SOP#TE-002)

Temperature of the solutions on each vessel during the experiment period was measured daily.

.4 Dissolved oxygen (SOP#TE-002)

DO of the solutions on each vessel during the experiment period was measured daily.

.5 pH (SOP#TE-002)

pH of the solutions on each vessel during the experiment period was measured daily.

.6 Salinity (SOP#TE-002)

Salinity of the solutions on each vessel during the experiment period was measured daily.

3.9 Statistical procedures (SOP#SP-101)

For the > 32 treated ballast water, normal distribution and equal variances of the data were tested by

Shapiro-Wilk’s Test and Bartlett’s Test. Hypothesis test was conducted by Dunnett’s Test. Differences in all

test were considered to be significant at α=0.05. For the > 32 treated ballast water, statistical analysis based

on the survival data of test organisms meant nothing because all test organisms survived in all test

concentrations. TOXCALC 5.0 program (Tidepool scientific software, USA) was used for above statistic

analysis.
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4. RESULTS

4.1 Dissolved oxygen, pH, Temperature and Salinity

4.1.1 Treated ballast water - > 32 PSU (Table 1~4)

For the > 32 PSU ballast water treated by the KTM-BWMS, DO value was ranged from 5.08 to 6.85

mg/L at the beginning experiment and from 5.26 to 6.43 mg/L at the end of the experiment. pH value was

ranged from 7.71 to 7.88 at the beginning experiment and was ranged from 7.74 to 7.96 at the end of the

experiment. Mean temperature was 19.95 ± 0.24 ˚C (Mean ± S.D.) and mean salinity was 33.24 ± 0.26 PSU

(Mean ± S.D.).

4.1.2 Treated ballast water - 3-32 PSU (Table 5~8)

For the 3-32 PSU ballast water treated by the KTM-BWMS, DO value was ranged from 5.18 to 8.58

mg/L at the beginning experiment and from 6.02 to 7.09 mg/L at the end of the experiment. pH value was

ranged from 7.63 to 7.77 at the beginning experiment and from 7.65 to 7.88 at the end of the experiment.

Mean temperature was 20.02 ± 0.35 ˚C (Mean ± S.D.) and mean salinity was 21.81 ± 0.05 PSU (Mean ±

S.D.).

4.2 Mortality

4.2.1 Treated ballast water - > 32 PSU (Table 9, 10)

Mean 19~20 of 20 test organisms in each test concentration were survived during the test period. Mean

mortality of test organism at the end of the experiment was ranged from 3.3 to 10.0 percent.

4.2.2 Treated ballast water - 3-32 PSU (Table 11, 12)

All test organisms in all test concentration including control were survived during the test period.

Therefore, mortality was 0.0 percent in all test concentrations.

4.3 Plotting of the concentration response curve (Fig. 1, 2)

The mortality data on the each test concentration of the > 32 and 3-32 PSU treated ballast water was

plotted on the graph.

4.4 LC25 and LC50 (Table 13)

The LC25 and LC50 values based on number of the living organisms at the end of the experiment both

the > 32 and 3-32 PSU treated ballast water were greater than 100.00 % in this study.

4.5 Other observation

Any abnormality, such as loss of equilibrium, swimming behavior, respiratory function, pigmentation of

the olive flounder fish, Paralichthys olivaceus was not observed during the experiment period.
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5. DISCUSSION AND CONCLUSION

The mortality on the > 32 and 3-32 PSU ballast water treated by the KTM-BWMS using olive flounder fish,

Paralichthys olivaceus was assessed for 96 hours.

For >32 PSU treated ballast water, mean 19~20 of 20 test organisms in each test concentration

(including control) were survived and mean mortality of test organism at the end of the experiment was

ranged from 3.3 to 10.0 percent (Table 9 and 10). The result of statistic analysis indicated that survival

proportion of test organism in the control was not significantly different with other test concentrations

(Dunnett’s Test (1-tail), p>0.05).

For 3~32 PSU treated ballast water, all test organisms in all test concentration including control were

survived during the test period (Table 11). Therefore, mortality was 0.0 percent in all test concentrations

(Table 12).

LC25 and LC50 values based on the survival data were greater than 100.00 % in both > 32 and 3-32

PSU treated ballast water (Table 13, Fig. 1 and 2).

Therefore, it was assessed that the > 32 and 3-32 PSU ballast water treated by the KTM-BWMS did not

have acute toxic effects on the survival of the olive flounder, Paralichthys olivaceus.

6. REFERENCE

OECD guidelines for the testing of chemicals-203. Fish, Acute toxicity test. 9pp.

U.S. EPA. 2002. Short-term methods for estimating the chronic toxicity of effluents and receiving waters to

freshwater organisms. 1200 Pennsylvania Avenue NW Washington, DC 20460.EPA-821-R-02-013.
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Table 1. Dissolved oxygen value (mg/L) of > 32 PSU test concentration series during the experiment period
Control 6.25 % 12.50 %

Elapsed time (h)
1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 5.57 5.08 5.53 5.39 5.08 5.71 5.26 5.35 5.09 5.18 5.90 5.39

24 5.73 5.92 5.66 5.77 5.95 5.43 5.67 5.68 5.51 5.03 5.76 5.43

48 5.98 5.92 5.85 5.92 5.89 5.98 6.00 5.96 5.96 6.92 6.01 6.30

72 6.24 6.02 6.54 6.27 7.02 7.00 6.96 6.99 6.76 6.41 6.48 6.55

96 6.06 5.73 6.13 5.97 5.50 5.62 5.89 5.67 6.20 5.40 5.93 5.84

25.00 % 50.00 % 100.00 %
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 6.01 5.51 5.64 5.72 6.15 6.85 6.27 6.42 6.16 5.70 6.59 6.15

24 5.85 5.63 5.60 5.69 5.71 5.39 5.62 5.57 5.00 5.32 5.80 5.37

48 5.95 5.68 6.32 5.98 6.51 6.36 6.17 6.35 6.25 6.53 6.47 6.42

72 6.02 6.00 6.42 6.15 6.41 6.11 6.02 6.18 6.00 6.21 6.31 6.17

96 5.84 6.05 5.27 5.72 5.26 6.04 6.43 5.91 5.61 6.20 6.02 5.94

Table 2. pH value of > 32 PSU test concentration series during the experiment period
Control 6.25 % 12.50 %

Elapsed time (h)
1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 7.88 7.87 7.85 7.87 7.85 7.82 7.83 7.83 7.82 7.82 7.82 7.82

24 7.69 7.83 7.82 7.78 7.80 7.80 7.77 7.79 7.67 7.77 7.78 7.74

48 7.79 7.77 7.78 7.78 7.77 7.78 7.75 7.77 7.80 7.79 7.79 7.79

72 7.80 7.78 7.77 7.78 7.81 7.82 7.82 7.82 7.81 7.80 7.81 7.81

96 7.87 7.88 7.96 7.90 7.95 7.89 7.74 7.86 7.83 7.83 7.87 7.84

25.00 % 50.00 % 100.00 %
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 7.78 7.73 7.77 7.76 7.71 7.73 7.73 7.72 7.75 7.75 7.74 7.75

24 7.74 7.61 7.43 7.59 7.71 7.78 7.78 7.76 7.72 7.73 7.74 7.73

48 7.75 7.75 7.74 7.75 7.78 7.78 7.79 7.78 7.76 7.77 7.75 7.76

72 7.80 7.79 7.77 7.79 7.80 7.79 7.77 7.79 7.78 7.75 7.74 7.76

96 7.84 7.88 7.83 7.85 7.84 7.88 7.83 7.85 7.74 7.83 7.82 7.80

Table 3. Temperature (˚C) of > 32 PSU test concentration series during the experiment period
Control 6.25 % 12.50 %

Elapsed time (h)
1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 19.70 20.10 20.40 20.07 20.40 20.50 20.10 20.33 20.20 20.30 20.20 20.23

24 19.70 20.10 20.10 19.97 20.20 20.30 20.20 20.23 20.00 20.10 20.10 20.07

48 20.00 20.50 20.40 20.30 20.10 20.30 20.20 20.20 20.30 20.20 20.20 20.23

72 19.70 19.80 19.80 19.77 20.00 20.00 19.90 19.97 19.70 19.80 19.70 19.73

96 19.60 19.80 20.00 19.80 20.10 20.00 20.10 20.07 19.90 19.90 19.70 19.83

25.00 % 50.00 % 100.00 %
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 19.80 19.80 20.10 19.90 19.80 20.00 20.00 19.93 19.80 19.70 19.50 19.67

24 19.90 19.90 20.10 19.97 20.10 20.00 19.90 20.00 19.60 19.70 19.60 19.63

48 20.00 19.90 19.90 19.93 20.00 20.10 20.00 20.03 20.00 20.10 20.00 20.03

72 19.80 19.80 20.00 19.87 20.00 20.10 19.90 20.00 19.60 19.70 19.80 19.70

96 19.60 19.70 19.90 19.73 19.90 19.80 19.70 19.80 19.40 19.50 19.30 19.40
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Table 4. Salinity (PSU) of > 32 PSU test concentration series during the experiment period
Control 6.25 % 12.50 %

Elapsed time (h)
1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 33.30 33.30 33.30 33.30 33.30 33.70 33.60 33.53 33.30 32.40 33.10 32.93

24 33.00 33.00 33.50 33.17 33.30 33.30 33.70 33.43 33.50 33.30 33.20 33.33

48 33.20 33.30 33.10 33.20 33.20 33.20 33.20 33.20 33.40 33.50 33.40 33.43

72 33.20 33.30 33.20 33.23 33.20 33.20 33.20 33.20 33.10 33.20 33.20 33.17

96 33.50 33.60 33.50 33.53 33.30 33.50 33.60 33.47 33.50 33.20 33.40 33.37

25.00 % 50.00 % 100.00 %
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 33.40 33.00 32.50 32.97 33.40 33.30 32.50 33.07 32.70 33.00 33.10 32.93

24 32.90 33.30 33.20 33.13 32.50 33.40 33.40 33.10 32.80 33.20 33.00 33.00

48 33.50 33.40 33.50 33.47 33.50 33.50 33.50 33.50 33.00 33.30 33.00 33.10

72 33.20 33.20 33.20 33.20 33.10 33.20 33.10 33.13 33.20 33.20 33.10 33.17

96 33.10 33.40 33.40 33.30 33.50 33.60 33.00 33.37 33.50 33.00 33.40 33.30

Table 5. Dissolved oxygen value (mg/L) of 3-32 PSU test concentration series during the experiment period
Control 6.25 % 12.50 %

Elapsed time (h)
1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 8.58 7.78 7.18 7.85 6.95 6.50 6.21 6.55 5.59 6.05 6.03 5.89

24 6.28 6.06 5.94 6.09 6.46 5.71 6.15 6.11 5.49 5.90 5.56 5.65

48 5.17 5.81 5.96 5.65 5.63 5.09 5.73 5.48 5.48 5.66 5.16 5.43

72 6.21 6.42 6.43 6.35 6.21 6.71 6.93 6.62 6.34 6.27 6.41 6.34

96 7.09 6.02 6.12 6.41 6.41 6.92 6.71 6.68 6.42 6.41 6.71 6.51

25.00 % 50.00 % 100.00 %
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 5.75 5.89 5.42 5.69 5.61 5.66 5.18 5.48 5.42 5.20 5.31 5.31

24 5.76 5.86 6.00 5.87 5.90 5.28 5.28 5.49 5.21 5.30 5.30 5.27

48 5.08 5.57 5.58 5.41 6.01 5.72 5.44 5.72 5.37 5.49 5.30 5.39

72 6.42 6.81 6.92 6.72 5.71 7.02 7.11 6.61 7.03 7.02 7.11 7.05

96 6.79 6.81 6.92 6.84 6.41 6.02 6.04 6.16 6.88 6.97 6.44 6.76

Table 6. pH value of 3-32 PSU test concentration series during the experiment period
Control 6.25 % 12.50 %

Elapsed time (h)
1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 7.67 7.63 7.74 7.68 7.77 7.76 7.73 7.75 7.65 7.66 7.71 7.67

24 7.88 7.88 7.88 7.88 7.87 7.88 7.88 7.88 7.85 7.82 7.84 7.84

48 7.58 7.54 7.53 7.55 7.54 7.55 7.57 7.55 7.55 7.51 7.54 7.53

72 7.81 7.83 7.82 7.82 7.79 7.78 7.76 7.78 7.78 7.79 7.64 7.74

96 7.78 7.77 7.79 7.78 7.78 7.76 7.75 7.76 7.70 7.76 7.65 7.70

25.00 % 50.00 % 100.00 %
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 7.71 7.74 7.74 7.73 7.74 7.75 7.72 7.74 7.69 7.66 7.63 7.66

24 7.84 7.85 7.86 7.85 7.80 7.87 7.84 7.84 7.80 7.80 7.78 7.79

48 7.54 7.61 7.62 7.59 7.64 7.59 7.53 7.59 7.43 7.43 7.40 7.42

72 7.81 7.92 7.42 7.72 7.83 7.87 7.88 7.86 7.84 7.88 7.88 7.87

96 7.78 7.87 7.88 7.84 7.86 7.88 7.80 7.85 7.72 7.73 7.74 7.73
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Table 7. Temperature (˚C) of 3-32 PSU test concentration series during the experiment period
Control 6.25 % 12.50 %

Elapsed time (h)
1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 19.60 20.60 20.90 20.37 20.20 20.50 20.10 20.27 20.30 20.50 20.50 20.43

24 19.90 20.00 20.20 20.03 20.20 20.30 20.40 20.50 20.40 20.30 20.20 20.30

48 20.00 20.00 20.20 20.07 20.30 20.30 20.40 20.33 20.00 20.30 20.30 20.20

72 19.90 20.00 20.00 19.97 20.20 20.10 20.20 20.17 20.00 20.00 20.00 20.00

96 19.40 20.00 20.00 19.80 20.20 20.10 20.20 20.17 19.70 20.00 20.00 19.90

25.00 % 50.00 % 100.00 %
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 20.20 20.00 20.30 20.17 20.50 20.40 20.20 20.37 20.40 20.20 20.00 20.20

24 20.00 20.00 20.20 20.07 20.30 20.30 20.10 20.23 19.90 19.70 19.60 19.73

48 20.10 20.10 20.30 20.17 20.30 20.20 20.10 20.20 19.80 19.80 19.70 19.77

72 19.40 19.20 19.30 19.30 19.30 19.20 19.40 19.30 19.10 20.00 20.10 19.73

96 19.60 19.90 19.80 19.77 19.60 20.00 20.00 19.87 19.10 19.80 19.80 19.57

Table 8. Salinity (PSU) of 3-32 PSU test concentration series during the experiment period
Control 6.25 % 12.50 %

Elapsed time (h)
1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 21.70 21.80 21.80 21.77 21.80 21.80 21.80 21.80 21.80 21.80 21.80 21.80

24 21.90 21.90 21.90 21.90 21.90 21.80 21.80 21.83 21.80 21.80 21.80 21.80

48 21.80 21.80 21.80 21.80 21.80 21.80 21.80 21.80 21.90 21.80 21.80 21.83

72 21.80 21.90 21.90 21.87 21.90 21.80 21.80 21.83 21.80 21.90 21.80 21.83

96 21.90 21.80 21.80 21.83 21.90 21.80 21.80 21.83 21.80 21.90 21.80 21.83

25.00 % 50.00 % 100.00 %
Elapsed time (h)

1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 21.90 21.80 21.80 21.83 21.80 21.80 21.80 21.80 21.80 21.80 21.80 21.80

24 21.80 21.80 21.80 21.80 21.80 21.80 21.80 21.80 21.80 21.80 21.80 21.80

48 21.80 21.80 21.80 21.80 21.80 21.80 21.80 21.80 21.80 21.70 21.70 21.73

72 21.80 21.80 21.80 21.80 21.70 21.80 21.70 21.73 21.90 21.70 21.90 21.83

96 21.80 21.80 21.80 21.80 21.70 21.70 21.70 21.70 21.90 21.80 21.80 21.83
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Table 9. Live (L) and dead (D) data of Paralichthys olivaceus, exposed to > 32 PSU treated ballast water
during the experiment period

Control 6.25% 12.50%

1 2 3 Mean 1 2 3 Mean 1 2 3 Mean
E. T*

(h)
L D L D L D L D L D L D L D L D L D L D L D L D

0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0

24 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0

48 20 0 20 0 20 0 20 0 19 1 20 0 20 0 20 0 20 0 19 1 20 0 20 0

72 20 0 20 0 20 0 20 0 18 2 20 0 20 0 19 1 20 0 18 2 20 0 19 1

96 20 0 19 1 18 2 19 1 17 3 20 0 20 0 19 1 20 0 18 2 20 0 19 1

25.00% 50.00% 100.00%

1 2 3 Mean 1 2 3 Mean 1 2 3 Mean
E. T

(h)
L D L D L D L D L D L D L D L D L D L D L D L D

0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0

24 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0

48 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0

72 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0

96 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0

* E.T. : Elapsed time; L: living test organism; D: dead test organism

Table 10. Mortality of Paralichthys olivaceus, exposed to > 32 PSU treated ballast water during the
experiment period

Control 6.25 % 12.50 %Elapsed
time (h) 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

48 0.0 0.0 0.0 0.0 5.0 0.0 0.0 1.7 0.0 5.0 0.0 1.7

72 0.0 0.0 0.0 0.0 10.0 0.0 0.0 3.3 0.0 10.0 0.0 3.3

96 0.0 5.0 10.0 5.0 15.0 0.0 0.0 5.0 0.0 10.0 0.0 3.3

25.00 % 50.00 % 100.00 %Elapsed
time (h) 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

24 5.0 0.0 0.0 1.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

48 5.0 0.0 0.0 1.7 5.0 0.0 0.0 1.7 0.0 0.0 0.0 0.0

72 10.0 0.0 0.0 3.3 5.0 5.0 0.0 3.3 0.0 0.0 0.0 0.0

96 15.0 0.0 0.0 5.0 15.0 5.0 10.0 10.0 0.0 10.0 0.0 3.3
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Table 11. Live (L) and dead (D) data of Paralichthys olivaceus, exposed to 3-32 PSU treated ballast water
during the experiment period

Control 6.25% 12.50%

1 2 3 Mean 1 2 3 Mean 1 2 3 Mean
E. T*

(h)
L D L D L D L D L D L D L D L D L D L D L D L D

0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0

24 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0

48 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0

72 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0

96 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0

25.00% 50.00% 100.00%

1 2 3 Mean 1 2 3 Mean 1 2 3 Mean
E. T

(h)
L D L D L D L D L D L D L D L D L D L D L D L D

0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0

24 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0

48 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0

72 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0

96 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0

* E.T. : Elapsed time; L: living test organism; D: dead test organism

Table 12. Mortality of Paralichthys olivaceus, exposed to 3-32 PSU treated ballast water during the
experiment period

Control 6.25 % 12.50 %Elapsed
time (h) 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

48 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

72 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

96 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

25.00 % 50.00 % 100.00 %Elapsed
time (h) 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

48 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

72 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

96 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

192



MEI ┃ Final report / BW-DBWT1104-KT Rev. 1.024

Table 13. LC25 and LC50 value calculated from survival data at the end of the experiment

95 % confidence of limit (%) 95 % confidence of limit (%)
Test substance

LC25
(%) lower upper

LC50
(%) lower upper

> 100.0 - - > 100.0 - -> 32 PSU treated
ballast water > 100.0 - - > 100.0 - -

> 100.0 - - > 100.0 - -3-32 PSU treated
ballast water > 100.0 - - > 100.0 - -

* -: no data; > 100.0: greater than 100.0 %.
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FIGURES
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Fig. 1. Plot of the concentration-response data from the each test concentration of the > 32 PSU treated
ballast water. The dotted line was represented as 0.05 level of significant and vertical bar was
represented maximum and minimum.

Fig. 2. Plot of the concentration-response data from the each test concentration of the 3-32 PSU treated
ballast water. The dotted line was represented as 0.05 level of significant and vertical bar was
represented maximum and minimum.
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ANNEX 1

Definitions

1. Semi-static test is a test without flow of solution, but with occasional batch wise renewal of the test

solution after prolonged periods.

2. LCx in this study is the median lethal concentration, i.e. that concentration of the test substance in water

which kills x percent of a test batch of fish within a particular period of exposure.
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ANNEX 2

Experiment conditions and acceptability criteria for olive flounder, Paralichthys olivaceus, acute mortality
toxicity tests with > 32 and 3-32 PSU seawater treated by the KTM-BWMS

Test parameter Conditions

Test type Semi-static

Temperature 20±1˚C

Light quality Cool white fluorescent lighting

Light intensity 2,000 lux

Photoperiod 16 h light : 8 h dark

Test chamber size 30 L

Test solution volume 20 L

Renewal of test solutions Every other day

Age of test organisms 30~50 days old

Number of individuals per test chamber 20

Replicate test chambers per concentration 3

Feeding regime None

Cleaning None

Aeration
To maintain DO
(> 60 % of the air saturation value)

Dilution water
Filtered seawater (Control seawater) by 1μm CP
Filter, Chisso Filter

Test concentration 5 including 100.00 % effluents and a control

Dilution factor Effluents: 0.5

Test duration 96 hours

Endpoints Survival

Test acceptability criteria
90 % or greater survival of all control
organisms
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ANNEX 3

Application Site

Application site for the acute toxicity test with olive flounder, Paralichthys olivaceus is shown as follow.
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ANNEX 4

Preparation of test substance and procedures of the experiment

Fig. 1. For aquatic toxicity test, collection of the control (untreated) and treated de-ballasting water from

KTM-BWMS (left down: sampling equipments).

Fig. 2. Transfer collected samples to the constant room (4 ± 1 ˚C).
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Fig. 3. Preparation of test concentration diluted with non-treated seawater on treated seawater through flow-
meter.

Fig. 4. Test organisms in this study: Olive flounder, Paralichthys olivaceus.
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Fig. 5. Procedures of acute fish toxicity test set up (① The acclimating test organisms in the aquarium placed
on test facility;② Test vessels set up;③ Observation and recording of test organisms and the water
quality;④Measurement of length and wet weight of the samples).

① ②

④③
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ANNEX 5

Condition Index

Total length and wet weight of olive flounder▶ juvenile, Paralichthys olivaceus, for the > 32 PSU seawater
treated by the KTM-BWMS

▷ Concentration : Control

Replicate 1 2 3

No. Length (cm) Wet weight (g) Length (cm) Wet weight (g) Length (cm) Wet weight (g)

1 4.7 0.52 4.9 0.73 5.0 0.63

2 5.4 0.86 5.0 0.74 5.2 0.82

3 4.8 0.66 5.1 0.80 4.5 0.50

4 5.3 0.98 5.1 0.75 4.8 0.67

5 4.4 0.53 4.7 0.63 5.0 0.82

6 4.5 0.60 5.1 0.75 5.0 0.89

7 4.7 0.57 5.1 0.81 5.1 0.92

8 5.4 0.98 4.8 0.65 5.1 0.88

9 4.5 0.56 4.7 0.74 5.0 0.87

10 4.2 0.52 4.6 0.65 4.9 0.75

11 4.6 0.61 4.8 0.84 4.8 0.76

12 4.8 0.64 5.0 0.87 4.8 0.74

13 4.7 0.70 4.9 0.67 4.7 0.65

14 4.9 0.61 4.8 0.69 4.9 0.74

15 5.1 0.80 4.7 0.82 4.8 0.85

16 5.2 0.82 4.6 0.69 4.8 0.54

17 5.3 0.86 4.2 0.70 5.2 0.64

18 4.9 0.69 4.8 0.95 5.3 0.65

19 4.5 0.61 4.8 0.87 5.0 0.85

20 4.4 0.63 4.5 0.65 5.1 0.80

Mean 4.8 0.69 4.8 0.75 5.0 0.75
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▷ Concentration : 6.25 %

Replicate 1 2 3

No. Length (cm) Wet weight (g) Length (cm) Wet weight (g) Length (cm) Wet weight (g)

1 5.0 0.85 4.6 0.66 5.0 0.87

2 4.5 0.66 5.1 0.79 4.8 0.66

3 4.7 0.68 4.5 0.60 4.8 0.67

4 4.9 0.69 5.5 0.90 5.0 0.71

5 5.5 1.00 5.1 0.80 4.5 0.62

6 5.0 0.95 4.7 0.57 4.9 0.72

7 5.1 0.95 5.0 0.64 4.8 0.62

8 4.8 0.96 5.0 0.73 4.8 0.68

9 4.9 0.84 5.1 0.95 4.7 0.95

10 5.0 0.87 4.8 0.85 4.9 0.85

11 5.0 0.95 4.9 0.85 4.5 0.54

12 5.1 0.95 4.2 0.74 4.8 0.87

13 4.7 0.96 5.2 0.65 4.8 0.68

14 4.8 0.98 5.8 0.85 4.9 0.69

15 4.8 0.85 4.7 0.82 5.0 0.95

16 4.9 0.65 4.9 0.91 5.0 0.85

17 4.9 0.84 4.8 0.63 5.1 0.82

18 4.8 0.75 4.9 0.45 5.0 0.83

19 4.6 0.72 4.8 0.85 4.9 0.95

20 4.7 0.73 5.0 0.90 4.8 0.84

Mean 4.9 0.84 4.9 0.76 4.9 0.77
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▷ Concentration : 12.50 %

Replicate 1 2 3

No. Length (cm) Wet weight (g) Length (cm) Wet weight (g) Length (cm) Wet weight (g)

1 5.4 0.82 5.0 0.69 4.3 0.57

2 5.4 0.92 4.6 0.70 5.5 1.01

3 4.8 0.68 4.8 0.62 4.5 0.62

4 4.7 0.74 5.4 0.90 4.9 0.77

5 4.9 0.59 5.1 0.79 4.9 0.76

6 5.1 0.65 5.6 1.02 4.8 0.86

7 4.9 0.76 5.0 0.90 5.0 0.80

8 5.0 0.73 4.9 0.81 5.1 0.75

9 4.9 0.82 4.8 0.79 5.3 0.74

10 4.8 0.75 4.9 0.78 5.4 0.62

11 4.7 0.68 5.0 0.76 5.2 0.69

12 4.9 0.95 5.3 0.65 5.0 0.85

13 5.1 0.84 5.2 0.74 4.9 0.65

14 5.2 0.95 4.9 0.73 4.8 0.72

15 5.0 0.84 4.6 0.70 4.7 0.75

16 5.3 0.75 5.1 0.95 4.6 0.78

17 4.9 0.64 4.9 0.86 5.0 0.95

18 4.7 0.68 4.8 0.85 5.1 0.99

19 4.8 0.69 4.9 0.85 5.0 0.85

20 4.6 0.70 5.0 0.92 4.8 0.86

Mean 5.0 0.76 5.0 0.80 4.9 0.78

204



MEI ┃ Final report / BW-DBWT1104-KT Rev. 1.036

▷ Concentration : 25.00 %

Replicate 1 2 3

No. Length (cm) Wet weight (g) Length (cm) Wet weight (g) Length (cm) Wet weight (g)

1 5.2 0.89 5.1 0.79 4.3 0.57

2 4.3 0.60 5.2 0.83 4.5 0.60

3 5.0 0.77 4.9 0.70 4.5 0.58

4 5.2 0.83 5.5 1.01 5.3 0.88

5 5.3 0.89 4.7 0.63 4.7 0.63

6 5.6 1.01 4.7 0.65 4.6 0.60

7 5.0 0.72 5.2 0.88 5.0 0.75

8 5.0 0.95 5.6 1.01 4.6 0.85

9 4.9 0.85 5.2 0.81 5.0 0.84

10 4.9 0.86 5.1 0.74 5.2 0.68

11 4.8 0.75 5.0 0.95 5.0 0.69

12 4.9 0.76 4.9 0.85 4.9 0.65

13 4.6 0.85 4.8 0.75 4.8 0.75

14 4.6 0.65 4.8 0.65 4.7 0.85

15 5.2 0.70 4.9 0.84 4.6 0.68

16 4.9 0.59 4.9 0.75 4.8 0.75

17 4.9 0.69 5.0 0.65 4.9 0.88

18 4.8 0.67 5.3 0.65 4.6 0.95

19 4.5 0.56 4.8 0.95 5.0 0.85

20 4.7 0.85 4.9 0.85 5.0 0.86

Mean 4.9 0.77 5.0 0.80 4.8 0.74
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▷ Concentration : 50.00 %

Replicate 1 2 3

No. Length (cm) Wet weight (g) Length (cm) Wet weight (g) Length (cm) Wet weight (g)

1 5.6 1.03 5.2 0.86 4.1 0.50

2 5.4 0.99 4.5 0.58 4.5 0.59

3 5.5 1.00 4.8 0.86 4.6 0.61

4 5.2 0.83 4.9 0.75 4.6 0.77

5 5.0 0.85 5.0 0.98 5.0 0.75

6 5.0 0.65 5.0 0.85 4.9 0.65

7 4.9 0.85 5.0 0.84 5.0 0.95

8 4.8 0.84 5.0 0.65 4.6 0.65

9 4.9 0.75 5.1 0.95 4.9 0.85

10 5.0 0.76 4.9 0.84 4.8 0.65

11 5.1 0.85 4.9 0.75 4.8 0.65

12 5.2 0.84 4.8 0.84 4.8 0.69

13 4.8 0.82 4.7 0.78 4.7 0.75

14 4.9 0.76 4.5 0.65 4.6 0.85

15 4.5 0.75 5.3 1.02 4.9 0.65

16 4.7 0.86 5.9 1.05 5.0 0.95

17 5.0 0.75 5.8 1.09 5.0 0.65

18 5.2 0.86 5.0 0.74 5.4 0.99

19 5.2 0.99 4.5 0.68 5.1 0.85

20 5.1 0.89 4.8 0.95 5.0 0.95

Mean 5.1 0.85 5.0 0.84 4.8 0.75
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▷ Concentration : 100.00 %

Replicate 1 2 3

No. Length (cm) Wet weight (g) Length (cm) Wet weight (g) Length (cm) Wet weight (g)

1 5.1 0.97 4.4 0.58 4.4 0.58

2 5.4 1.02 4.2 0.50 4.5 0.68

3 5.6 0.98 4.3 0.60 4.4 0.63

4 5.1 1.10 4.4 0.68 4.3 0.60

5 5.0 0.90 4.5 0.65 5.2 0.92

6 5.5 0.77 4.6 0.64 5.1 0.91

7 4.9 1.02 4.9 0.72 5.0 0.77

8 5.5 0.85 4.9 0.85 5.4 0.92

9 5.5 1.03 4.8 0.65 5.0 0.85

10 5.4 1.02 5.0 0.68 5.1 0.86

11 5.2 0.95 4.0 0.95 5.2 0.98

12 4.9 0.85 4.9 0.84 4.9 0.86

13 4.8 0.69 4.8 0.82 5.6 1.03

14 4..8 0.75 5.0 0.86 4.8 0.75

15 4.6 0.85 4.9 0.87 4.6 0.69

16 4.9 0.75 4.6 0.68 4.8 0.98

17 4.8 0.59 5.0 0.85 4.7 0.68

18 5.0 0.68 4.9 0.75 4.9 0.79

19 4.9 0.85 4.8 0.78 4.6 0.78

20 4.8 0.85 4.9 0.65 4.8 0.69

Mean 5.1 0.87 4.7 0.73 4.9 0.80
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Total length and wet weight of juvenile olive flounder,▶ Paralichthys olivaceus, for the 3-32 PSU seawater
treated by the KTM-BWMS

▷ Concentration : Control

Replicate 1 2 3

No. Length (cm) Wet weight (g) Length (cm) Wet weight (g) Length (cm) Wet weight (g)

1 4.6 0.93 4.5 0.97 4.6 0.85

2 4.2 0.62 4.2 0.89 4.7 0.91

3 3.8 0.41 4.6 1.20 5.0 1.05

4 4.2 0.85 4.5 1.13 4.7 0.86

5 4.6 1.00 4.4 1.10 4.5 0.88

6 4.4 0.71 4.6 1.18 4.2 0.76

7 3.8 0.45 4.5 0.99 4.7 0.97

8 4.6 1.01 4.4 1.09 4.8 0.95

9 4.5 0.69 4.2 1.07 4.5 0.80

10 4.8 0.80 4.5 1.06 4.6 0.92

11 4.5 0.88 4.1 0.96 4.5 0.65

12 4.4 0.89 4.2 0.72 4.5 0.83

13 4.4 0.90 4.3 1.02 4.6 0.91

14 4.3 0.54 4.5 1.03 4.3 0.80

15 4.8 1.00 4.3 0.98 4.5 0.88

16 4.7 0.89 3.8 0.76 4.5 0.82

17 4.5 0.82 3.7 0.75 4.6 0.92

18 4.5 0.74 4.3 0.98 4.7 0.91

19 4.7 0.99 4.4 0.99 4.7 0.94

20 4.5 0.74 4.5 1.12 4.8 0.95

Mean 4.4 0.79 4.3 1.00 4.6 0.88
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▷ Concentration : 6.25 %

Replicate 1 2 3

No. Length (cm) Wet weight (g) Length (cm) Wet weight (g) Length (cm) Wet weight (g)

1 4.9 1.08 4.0 0.63 4.0 0.71

2 4.5 0.90 4.3 0.76 4.0 0.47

3 4.3 0.82 4.5 0.91 4.6 0.82

4 4.3 0.72 4.1 0.66 4.0 0.51

5 4.6 0.92 4.0 0.53 4.1 0.62

6 4.3 0.88 3.8 0.51 4.3 0.70

7 4.5 0.94 4.1 0.82 4.2 0.80

8 4.4 0.79 4.2 0.80 4.2 0.74

9 4.6 0.88 3.8 0.45 4.3 0.84

10 4.8 0.99 3.9 0.53 4.0 0.55

11 4.9 1.02 4.5 0.82 4.4 0.76

12 4.8 1.00 4.3 0.92 3.8 0.52

13 4.4 0.78 4.4 0.94 3.9 0.54

14 4.9 1.00 3.7 0.48 3.9 0.60

15 4.5 0.92 4.1 0.69 3.9 0.60

16 4.3 0.90 4.2 0.84 4.0 0.62

17 4.5 0.88 4.4 0.90 4.0 0.59

18 4.8 0.92 4.1 0.80 4.4 0.68

19 4.9 1.04 4.2 0.82 4.3 0.73

20 4.8 1.10 4.5 0.92 4.0 0.65

Mean 4.6 0.92 4.2 0.74 4.1 0.65
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▷ Concentration : 12.50 %

Replicate 1 2 3

No. Length (cm) Wet weight (g) Length (cm) Wet weight (g) Length (cm) Wet weight (g)

1 5.0 0.98 4.0 0.56 4.6 1.00

2 4.7 0.74 3.9 0.58 4.1 0.72

3 5.0 0.92 4.1 0.51 4.6 0.79

4 4.6 0.90 3.7 0.59 4.5 0.92

5 4.4 0.83 3.9 0.52 4.2 0.69

6 4.8 0.90 4.2 0.62 4.6 0.98

7 4.8 0.92 4.4 0.80 4.7 0.89

8 4.4 0.79 3.8 0.50 4.7 0.92

9 4.3 0.83 4.0 0.60 5.0 1.02

10 4.8 0.92 4.1 0.66 5.0 0.98

11 4.7 0.90 3.6 0.41 4.5 0.77

12 4.4 0.81 3.9 0.55 4.5 0.82

13 4.7 1.00 4.3 0.64 4.9 0.93

14 4.7 0.95 4.2 0.76 4.9 1.00

15 4.4 0.79 4.5 0.69 4.2 0.79

16 4.4 0.87 4.5 0.82 4.5 0.79

17 4.7 0.98 3.8 0.55 4.4 0.82

18 5.0 0.90 3.8 0.56 4.3 0.68

19 4.9 1.00 4.5 0.78 4.2 0.70

20 4.7 0.99 4.0 0.57 4.7 0.92

Mean 4.7 0.90 4.1 0.61 4.6 0.86
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▷ Concentration : 25.00 %

Replicate 1 2 3

No. Length (cm) Wet weight (g) Length (cm) Wet weight (g) Length (cm) Wet weight (g)

1 4.4 0.66 4.6 0.93 4.4 0.63

2 4.6 0.97 4.4 0.72 4.5 0.91

3 4.3 0.62 4.4 0.83 4.8 1.02

4 4.4 0.74 5.0 1.00 4.8 0.99

5 4.5 1.00 4.5 0.90 4.5 0.76

6 4.8 1.16 4.9 0.88 4.9 1.03

7 4.0 0.53 4.6 0.92 4.9 1.10

8 4.5 0.87 5.0 1.03 4.0 0.68

9 4.5 0.83 4.6 0.82 4.6 0.92

10 4.3 0.73 4.7 0.84 4.5 0.67

11 4.4 0.74 3.9 0.63 4.6 0.93

12 4.4 0.58 4.7 1.00 4.7 1.00

13 4.4 0.83 4.3 0.78 4.7 0.98

14 4.0 0.62 4.3 0.83 4.8 1.02

15 4.6 0.86 4.5 0.84 4.3 0.62

16 4.1 0.70 4.5 0.89 4.6 0.89

17 4.1 0.80 4.6 0.92 4.7 1.00

18 4.3 0.84 4.4 0.77 4.8 1.05

19 4.4 0.90 4.8 1.02 4.7 0.93

20 4.7 0.89 4.4 0.79 4.0 0.69

Mean 4.4 0.79 4.6 0.87 4.6 0.89
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▷ Concentration : 50.00 %

Replicate 1 2 3

No. Length (cm) Wet weight (g) Length (cm) Wet weight (g) Length (cm) Wet weight (g)

1 4.6 0.83 4.9 0.94 5.1 1.00

2 4.5 0.92 5.0 1.00 4.5 0.92

3 5.1 1.10 4.1 0.69 5.0 1.00

4 4.8 0.88 4.6 0.92 4.5 0.92

5 4.9 1.00 3.9 0.65 5.0 0.88

6 4.9 1.04 4.2 0.67 4.5 0.83

7 4.3 0.78 3.8 0.60 4.6 0.91

8 4.7 0.84 4.6 0.92 4.7 0.93

9 4.3 0.85 4.4 0.83 4.9 1.00

10 5.0 0.92 4.7 1.00 5.1 1.05

11 4.5 0.90 5.1 1.10 4.6 0.88

12 4.6 0.70 4.3 0.67 4.7 0.89

13 4.1 0.65 4.9 1.02 4.4 0.78

14 5.1 0.84 4.8 0.83 5.0 1.04

15 5.0 0.91 4.5 0.81 5.1 1.10

16 4.7 0.84 3.9 0.50 4.7 0.93

17 4.6 0.94 4.3 0.64 4.6 0.83

18 4.9 1.00 4.7 0.84 4.2 0.69

19 4.5 0.94 4.4 0.72 4.9 1.04

20 5.0 1.05 4.7 0.90 5.0 0.99

Mean 4.7 0.90 4.5 0.81 4.8 0.93
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▷ Concentration : 100.00 %

Replicate 1 2 3

No. Length (cm) Wet weight (g) Length (cm) Wet weight (g) Length (cm) Wet weight (g)

1 5.1 1.00 4.8 0.83 4.9 0.92

2 4.5 0.88 5.0 1.00 5.2 1.05

3 4.8 1.00 4.1 0.83 5.0 1.00

4 4.7 0.92 4.7 0.93 5.0 1.02

5 4.5 0.68 5.0 1.05 4.2 0.71

6 5.2 1.20 4.7 0.84 5.0 0.92

7 4.7 0.92 5.4 1.15 5.1 0.88

8 5.0 1.00 5.1 0.89 5.1 1.02

9 4.6 0.84 4.7 0.88 4.6 0.78

10 5.2 1.08 5.0 1.00 4.9 0.83

11 5.0 1.05 4.9 0.86 5.0 1.03

12 5.0 1.04 5.1 1.15 4.9 0.92

13 5.1 1.10 4.7 1.02 5.0 1.05

14 5.1 1.11 4.6 0.86 4.9 0.92

15 5.0 1.10 5.0 1.00 5.0 1.00

16 4.9 1.02 5.0 1.05 4.8 0.79

17 5.0 0.98 4.7 0.97 5.0 0.99

18 4.8 0.95 5.0 1.08 5.0 1.03

19 4.8 0.91 4.8 0.97 4.8 0.84

20 4.7 0.92 4.7 0.88 5.0 1.05

Mean 4.9 0.99 4.9 0.96 4.9 0.94
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3.2 Chronic Toxicity

3.2.1 ANNEX 1

Brachionus plicatilis, Chronic Toxicity Test
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GLP STATEMENT AND SIGN

Study title: Chronic toxicity test to assess the toxic effects of the > 32 & 3-32 PSU of ballast water

treated by the KTM-BWMS toward population growth rate of Brachionus plicatilis

Study name: KTM-BWMS Study No: BW-DBWT1104-KT

All procedure of this study was carried out following GLP regulation:

- “OECD Principles of Good Laboratory Practice”

Organization for Economic Co-operation and Development, ENV/MC/CHEM(98)17 (as

revised in 1997)

This study was conducted on the basis of ‘the Study Plan’ complied and the procedure

described in this report was carried out under ‘the Responsibility of Study Director’. This report

was built on the basis of raw data from the study.

2011. 07. 20.

Marine Eco-Technology Institute Co., Ltd.

Study Director Jung-Im Park (signature)

2011. 07. 20.

Marine Eco-Technology Institute Co., Ltd.

Test Facility Manager Min Ho Son (signature)
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GUARANTEE OF ASSURANCE

Study title: Chronic toxicity test to assess the toxic effects of the > 32 & 3-32 PSU of ballast water

treated by the KTM-BWMS toward population growth rate of Brachionus plicatilis

Study name: KTM-BWMS Study No: BW-DBWT1104-KT

Quality assurance personnel of Marine Eco-Technology Institute Co., Ltd., inspected as

follows. Inspection was carried out on the basis of the Standard Operation Procedure and each

inspection results were reported to Study Director and Test Facility Manager.

Types of inspection and the date inspection results were reported to the Test Facility

Management and the Study Director as follow:

Type of Inspections Date of Inspection
Date Reported to Test Facility

Management and Study Director

Study Plan 2011. 04. 13 2011. 04. 13

Test organisms 2011. 06. 30 / 07. 13 2011. 06. 30 / 07. 13

Storage of Test substance 2011. 06. 30 / 07. 13 2011. 06. 30 / 07. 13

Preparation of Test substance 2011. 06. 29 / 07. 12 2011. 06. 29 / 07. 12

Exposure 2011. 06. 30 / 07. 13 2011. 06. 30 / 07. 13

Observation 2011. 07. 04 / 07. 16 2011. 07. 04 / 07. 16

Record of raw data 2011. 07. 04 / 07. 16 2011. 07. 04 / 07. 16

Draft of final report 2011. 07. 19 2011. 07. 19

Final report 2011. 07. 20 2011. 07. 20

It is assurance that the procedure in this final report was appropriately carried out and the

description of the results was reflected raw data from the study.

2011. 07. 20.

Quality Assurance personnel

Marine Eco-Technology Institute Co., Ltd.

Jin Hee Kim (signature)
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1. SUMMARY

The purpose of this study was to assess the chronic toxic effects of the > 32 and 3-32 PSU seawater

treated by the KTM-BWMS on the population growth rate of rotifer, Brachionus plicatilis.

The test substances were divided into two different salinities, the one was > 32 PSU treated ballast water

and the other was 3-32 PSU treated ballast water. Non-treated ballast water was used as control and dilution

water. 5 individuals of the rotifers, Brachionus plicatilis were exposed at the various test concentrations

(0.00 % (non-treated ballast water), 6.25 %, 12.50 %, 25.00 %, 50.00 % and 100.00 % (treated ballast

water)) for 96 hours. The rotifer was observed daily using microscopy. Dead rotifers were removed after

record. The raw data of population growth from this experiment was used for calculation of NOEC, LOEC

and ECx values.

The population growth rate of the rotifer, Brachionus plicatilis on the > 32 and 3-32 PSU ballast water

treated by the KTM-BWMS was assessed.

For the > 32 PSU treated ballast water, the mean number of the test organisms in the control was 47

individuals and those that in the 6.25 %, 12.50 %, 25.00 %, 50.00 % and 100.00 % of the test concentration

were 41, 37, 40, 47 and 45 individuals, respectively. The population growth rate of the test organisms in the

control was 0.56 and those that in the 6.25 %, 12.50 %, 25.00 %, 50.00 % and 100.00 % of the test

concentration were 0.53, 0.50, 0.51, 0.56 and 0.55, respectively. The percent inhibition in average growth

rate of the test organisms in the 6.25 %, 12.50 % and 25.00% of the test concentration at the end of the

experiment was higher than 50.00 % and 100.00 % of the test concentration. However, the result of statistic

analysis was indicated that growth rate in the 50.00 % and 100.00 % of the test concentration was not

significantly different with growth rate in the control.

For the 3-32 PSU treated ballast water, the mean number of the test organisms in the control was 56

individuals and those that in the 6.25 %, 12.50 %, 25.00 %, 50.00 % and 100.00% of the test concentration

were 51, 54, 56, 53 and 54 individuals, respectively. The population growth rate of the test organisms in the

control was 0.60 and those that in the 6.25 %, 12.50 %, 25.00 %, 50.00 % and 100.00 % of the test

concentration were 0.58, 0.59, 0.60, 0.59 and 0.59, respectively. The percent inhibition in average growth

rate of the test organisms in the 6.25 % of the test concentration at the end of the experiment was higher than

the other test concentrations. However, the result of statistic analysis was indicated that growth rate in all the

test concentration was not significantly different with growth rate in the control.

NOEC, LOEC and EC50 values based on reproduction data at the end of the experiment with the > 32

and 3-32 PSU treated ballast water were equal to or greater than 100.00 %.

Therefore, it was assessed that the > 32 and 3-32 PSU ballast water treated by the KTM-BWMS did not

have chronic toxic effects on the population growth of the rotifer, Brachionus plicatilis.
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2. OUTLINE OF STUDY

2.1 Purpose

The purpose of this study was to assess the chronic toxic effects of the > 32 and 3-32 PSU ballast water

treated by the KTM-BWMS (or the > 32 and 3-32 PSU de-ballast water from the KTM-BWMS) on the

population growth rate of Brachionus plicatilis.

2.2 Principle

Neonate of Brachionus plicatilis aged less than 2 hours at the start of test is exposed to the treated ballast

water of the KTM-BWMS at a range of concentrations including 100.00% effluent, for a period of 96 hours.

The rotifer density is counted every 24 hours until 96 hours. At the end of the experiment, the population

growth rate (r) is calculated that count the number of live rotifers in each test concentration compared with

control values. And the percentage inhibition (I%) of the rotifer growth for each test concentration is

evaluated. The results are analyzed in order to calculate the NOEC, LOEC and EC50 at 96 hour.

2.3 Good Laboratory Practice

All procedure of this study was complied with following GLP regulation:

- “OECD Principles of Good Laboratory Practice”

Organization for Economic Co-operation and Development, ENV/MC/CHEM(98)17 (as revised in

1997)

2.4 Guideline

This study using Brachionus plicatilis was complied with principle and conducted on the basis of

following:

- “Cyst-based toxicity tests. VIII. Short-chronic toxicity tests with the freshwater rotifer

Brachionus calyciflorus” (Janssen et al., 1994)

The test preparation in this study was complied on the basis of following standard method:

- “Standard Guide for Acute Toxicity Test with the Rotifer Brachionus. E 1440-91”

American Society of Testing Materials, (Reapproved 2004)

2.5 Sponsor

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea.

Tel: +82-51-441-0692~3 Fax: +82-51-441-0695
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2.6 Test facility

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

Tel: + 82-51-611-6200 Fax : + 82-51-611-0588

2.7 Test site

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.8 Study director

Name: Jung-Im Park

Department: 2nd research team

2.9 Study timetable

2.9.1 Treated ballast water (> 32 PSU) and non-Treated ballast water (> 32 PSU)

Study initiation 2011. 04. 13

Induced to hatch for cysts 2011. 06. 29

Separation of neonates for test 2011. 06. 30

Collect of sample 2011. 06. 29

Experimental start 2011. 06. 30

Exposure date 2011. 06. 30

Evaluation population growth rate 2011. 06. 30 ~ 07. 04

Experimental completion 2011. 07. 04

Draft of final report 2011. 07. 19

Final Report 2011. 07. 20

Study completion 2013. 07. 31

2.9.2 Treated ballast water (3-32 PSU) and non-Treated ballast water (3-32 PSU)

Study initiation 2011. 04. 13

Induced to hatch for cysts 2011. 07. 12

Separation of neonates for test 2011. 07. 13

Collect of sample 2011. 07. 12

Experimental start 2011. 07. 13

Exposure date 2011. 07. 13

Evaluation population growth rate 2011. 07. 13 ~ 07. 17
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Experimental completion 2011. 07. 17

Draft of final report 2011. 07. 19

Final Report 2011. 07. 20

Study completion 2013. 07. 31

2.10 Responsible Personnel

Laboratory manager (Test site manager)

Statistical analysis

Myung-Baek Shon

Receipt and culture of test organisms

Observation and record

Disposal of the resting test organisms

So Eun Jo

Sampling, transit and custody of test substance or solution

Disposal of the resting substance

Check the chemical condition

Tae Won Kim

2.11 Retention of records and data

2.11.1 Duration

Duration of storage is 5 years after end of the study. It will be decided that storage of data after 5 years

should be consulted with the client.

2.11.2 Place of storage

Name: Archives of Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.11.3 Retention of records and data

Study plan, final report, raw data, documents related with the study, communication documents, and etc.
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3. MATERIALS AND METHODS

3.1 Test substance-1 (Treated ballast water (> 32 PSU) -Treated)

3.1.1 Substance name

Treated water (KTM-S5D5-1)

3.1.2 Lot No.

None

3.1.3 Type

Liquid

3.1.4 Principal ingredients

Seawater

3.1.5 Temperature

23.2 ˚C

3.1.6 Salinity

33.6 PSU

3.1.7 pH

7.67

3.1.8 Custody condition

Constant room at 4 ˚C for 2 days

3.1.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

3.1.10 Responsible for Sampling, Handling and Custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

3.1.11 Disposal of the resting substances

Scrapped after test

3.1.12 Certificate of analysis

Client supplies to test organization
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3.2 Test substance-2 (Non-treated ballast water (> 32 PSU) -Control)

3.2.1 Substance name

Non-treated water (KTM-S3D5-1)

3.2.2 Lot No.

None

3.2.3 Type

Liquid

3.2.4 Principal ingredients

Seawater

3.2.5 Temperature

23.1 ˚C

3.2.6 Salinity

33.9 PSU

3.2.7 pH

7.50

3.2.8 Custody condition

Constant room at 4 ˚C for 2 days

3.2.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

3.2.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

3.2.11 Disposal of the resting substances

Scrapped after test

3.2.12 Certificate of analysis

Client supplies to test organization
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3.3 Test substance-3 (Treated ballast water (3 - 32 PSU) -Treated)

3.3.1 Substance name

Treated water (KTM-S5D5-3)

3.3.2 Lot No.

None

3.3.3 Type

Liquid

3.3.4 Principal ingredients

Seawater

3.3.5 Temperature

24.6 ˚C

3.3.6 Salinity

21.7 PSU

3.3.7 pH

7.46

3.3.8 Custody condition

Constant room at 4 ˚C for 2 days

3.3.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

3.3.10 Responsible for Sampling, Handling and Custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

3.3.11 Disposal of the resting substances

Scrapped after test

3.3.12 Certificate of analysis

Client supplies to test organization
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3.4 Test substance-4 (Non-treated ballast water (3 – 32 PSU) -Control)

3.4.1 Substance name

Non-treated water (KTM-S3D5-3)

3.4.2 Lot No.

None

3.4.3 Type

Liquid

3.4.4 Principal ingredients

Seawater

3.4.5 Temperature

24.8 ˚C

3.4.6 Salinity

22.7 PSU

3.4.7 pH

7.24

3.4.8 Custody condition

Constant room at 4 ˚C for 2 days

3.4.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

3.4.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

3.4.11 Disposal of the resting substances

Scrapped after test

3.4.12 Certificate of analysis

Client supplies to test organization
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3.5 Preparation of the test substance (SOP#TP-011)

The concentration of test substance was diluted on the control seawater (non-treated ballast water by the

KTM-BWMS) as crude liquid (see Fig. 1 ~ 4 in the Annex 5). The six concentrations of test substance

including control (0.00 %, only non-treated ballast water by the KTM-BWMS) and 100.00 % were arranged

for the final definitive experiment.

3.6 Culture condition

3.6.1 Hatching of test organisms (SOP#TO-007)

Test organisms Brachionus plicatilis

Vessel 6 well plate

Medium 20 PSU filtered seawater (0.45μm membrane filter, Whatman)

Temperature 25 ˚C

Light source “cool-white” fluorescent lamp

Light cycle Continuous light

Light cycle 1,000 ~ 3,000 lux

The cysts were obtained from commercial supplier (See ‘3.7 Test system’).

3.6.2 Feeding of the test organisms

None

3.7 Test system

3.7.1 Test organisms

.1 Scientific name Brachionus plicatilis

.2 Producer MicroBioTests Inc., Belgium

.3 Dealer Marine Eco-Technology Institute Co., Ltd., Republic of Korea

3.7.2 Ground of selected test organisms

Marine rotifer, Brachionus plicatilis have the advantages of cosmopolitan distribution, wide salinity

adaptability, importance trophic roles as primary consumer in marine ecosystem, short generation time and

easy culture in small spaces. For this reason Brachionus plicatilis is commonly used as a toxicity test.

3.7.3 Preparation of the test organisms (SOP#TO-007)

Hatching of rotifer cysts were initiated for approximately 24 hours before the start of the test, and had to

be carried out in seawater of reduced salinity (20 PSU). They were incubated at 25 ˚C and 1,000 to 3,000 lux

continuous illumination. They were checked for the hatching hourly after 24 hours incubation in order to
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collect the test animals within 2 hours of their hatching. For the > 32 PSU ballast water treated, rotifer

neonates were acclimated for approximately 1 hour to adapt to the eventual salinity change.

3.7.4 Check the test organisms for the test (SOP#TO-007)

Health of the test organisms such as the mortality, appearance and abnormal behavior was observed with

a microscope (SZ51, Olympus).

3.7.5 Disposal of the resting test organisms (SOP#TO-006)

The resting test organisms were scrapped after sterilization by the autoclave.

3.8 Study design

3.8.1 Test concentration (SOP#TP-011)

Control Control seawater 100.00 %: Seawater treated by KTM-BWMS 0.00 %

6.25 % Control seawater 93.75 %: Seawater treated by KTM-BWMS 6.25 %

12.50 % Control seawater 87.50 %: Seawater treated by KTM-BWMS 12.50 %

25.00 % Control seawater 75.00 %: Seawater treated by KTM-BWMS 25.00 %

50.00 % Control seawater 50.00 %: Seawater treated by KTM-BWMS 50.00 %

100.00 % Control seawater 0.00 %: Seawater treated by KTM-BWMS 100.00 %

3.8.2 Exposure conditions (SOP#TP-014, see Fig. 6 in the Annex 5)

Brachionus plicatilis were placed in test vessels containing food (Chlorella vulgaris, 1 × 106 cells/mL)

divided into five neonates each replication of concentration including the control. And then the test vessels

were placed in incubator for 96 hours at 25 ± 1˚C.

Experiment conditions and criteria are shown Annex 2 and application site is shown Annex 4.

3.8.3 Observation item and measurement components

.1 Population growth rate (SOP#TP-014)

Each test vessel was checked for density of Brachionus plicatilis every 24 hours after the beginning

of the experiment. Mortalities were recorded and then dead animals were removed.

Calculations of the population growth rate and the percentage inhibition growth are shown Annex 3.

.2 Other observations (SOP#TP-014)

In addition to mortality, any abnormal behavior and appearance were recorded.

.3 Temperature (SOP#TE-002)

Temperature of the solutions was measured at the beginning and end of the experiment.

229



MEI ┃ Final report / BW-DBWT1104-KT Rev. 1.015

.4 Dissolved oxygen (SOP#TE-002)

Dissolved oxygen (DO) of the solutions was measured at the beginning of the experiment.

.5 pH (SOP#TE-002)

pH of the solutions was measured at the beginning and end of the experiment.

3.9 Statistical procedures (SOP#SP-101)

For the > 32 PSU treated ballast water, non-normal distribution of the data was tested by Kolmogorov D

Test (p>0.05) and Bartlett’s Test indicated unequal variances (p=4.72E-04). Therefore hypothesis test was

conducted by Steel’s Many-One Rank Test. Differences were considered to be significant at α=0.05. For the

3-32 PSU ballast water treated, normal distribution of the data was tested by Kolmogorov D Test (p≤0.05)

and equal variance of the data was tested by Bartlett’s Test (p=0.17). Hypothesis test was conducted by

Steel’s Many-One Rank Test. Differences were considered to be significant at α=0.05.

TOXCALC 5.0 program (Tidepool scientific software, USA) was used for above statistic analysis.
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4. RESULTS

4.1 Dissolved oxygen, pH and Temperature

4.1.1 Treated ballast water - > 32 PSU (Table 1 ~ 3)

For the > 32 PSU ballast water treated by the KTM-BWMS, DO value was ranged from 4.43 to 4.58

mg/L at the beginning of the experiment and from 3.95 to 4.28 mg/L at the end of the experiment. pH value

was ranged from 8.00 to 8.03 at the beginning of the experiment and from 7.64 to 7.69 at the end of the

experiment. And mean temperature was 25.59 ± 0.13 ˚C (Mean ± S.D.).

4.1.2 Treated ballast water - 3-32 PSU (Table 4 ~ 6)

For the 3-32 PSU ballast water treated by the KTM-BWMS, DO value was ranged from 4.01 to 4.86

mg/L at the beginning of the experiment and from 4.40 to 5.18 mg/L at the end of the experiment. pH value

was ranged from 7.65 to 7.72 at the beginning of the experiment and from 7.72 to 7.78 at the end of the

experiment. And mean temperature was 24.93 ± 0.46 ˚C (Mean ± S.D.).

4.2 Population growth rate

4.2.1 Treated ballast water - > 32 PSU (Table 7, 8)

The mean number of the rotifer, Brachionus plicatilis exposed the > 32 PSU treated ballast water for 96

hours in the control was 47 individuals and those that in the 6.25 %, 12.50 %, 25.00 %, 50.00 % and

100.00 % of the test concentration were 41, 37, 40, 47 and 45 individuals, respectively. The population

growth rate of the test organisms in the control was 0.56 and those that in the 6.25 %, 12.50 %, 25.00 %,

50.00 % and 100.00 % of the test concentration were 0.53, 0.50, 0.51, 0.56 and 0.55, respectively.

4.2.2 Treated ballast water - 3-32 PSU (Table 10, 11)

The mean number of the rotifer, Brachionus plicatilis exposed the 3-32 PSU treated ballast water for 96

hours in the control was 56 individuals and those that in the 6.25 %, 12.50 %, 25.00 %, 50.00 % and

100.00% of the test concentration were 51, 54, 56, 53 and 54 individuals, respectively. The population

growth rate of the test organisms in the control was 0.60 and those that in the 6.25 %, 12.50 %, 25.00 %,

50.00 % and 100.00 % of the test concentration were 0.58, 0.59, 0.60, 0.59 and 0.59, respectively.

4.3 Percentage inhibition growth

4.3.1 Treated ballast water - > 32 PSU (Table 9)

The percent inhibition in average growth rate of the test organisms in the 6.25 % of the test concentration

at the end of the experiment was 12.57% and those that in 12.50 %, 25.00 %, 50.00 % and 100.00 % of the

test concentration were 21.06 %, 14.34 %, -0.18 % and 4.78 %, respectively.
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4.3.2 Treated ballast water - 3-32 PSU (Table 12)

The percent inhibition in average growth rate of the test organisms in the 6.25 % of the test concentration

at the end of the experiment was 8.40 % and those that in the 12.50 %, 25.00 %, 50.00 % and 100.00 % of

the test concentration were 2.85 %, -0.90 %, 4.65 % and 3.00 %, respectively.

4.4 Plotting of the concentration response curve (Fig. 1, 2)

The raw data of population growth rate from the each test concentration of the > 32 and 3-32 PSU

treated ballast water was plotted on the graph.

4.5 NOEC, LOEC and EC50 (Table 13)

For the > 32 and 3-32 PSU ballast water treated, values of NOEC, LOEC and EC50 were equal to or

greater than 100.00% at the end of the experiment.

4.6 Other observation

Any abnormal appearance or behavior of the rotifer, Brachionus plicatilis during the experiment period

was not observed.
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5. DISCUSSION AND CONCLUSION

The population growth rate of the rotifer, Brachionus plicatilis on the > 32 and 3-32 PSU ballast water

treated by the KTM-BWMS was assessed.

For the > 32 PSU treated ballast water, the mean number of the test organisms in the control was 47

individuals and those that in the 6.25 %, 12.50 %, 25.00 %, 50.00 % and 100.00 % of the test concentration

were 41, 37, 40, 47 and 45 individuals, respectively (Table 7). The population growth rate of the test

organisms in the control was 0.56 and those that in the 6.25 %, 12.50 %, 25.00 %, 50.00 % and 100.00 % of

the test concentration were 0.53, 0.50, 0.51, 0.56 and 0.55, respectively (Table 8). The percent inhibition in

average growth rate of the test organisms in the 6.25 %, 12.50 % and 25.00% of the test concentration at the

end of the experiment was higher than 50.00 % and 100.00 % of the test concentration (Table 9). However,

the result of statistic analysis was indicated that growth rate in the 50.00 % and 100.00% of the test

concentration was not significantly different with growth rate in the control (Steel’s Many-One Rank Test,

p>0.05).

For the 3-32 PSU treated ballast water, the mean number of the test organisms in the control was 56

individuals and those that in the 6.25 %, 12.50 %, 25.00 %, 50.00 % and 100.00% of the test concentration

were 51, 54, 56, 53 and 54 individuals, respectively (Table 10). The population growth rate of the test

organisms in the control was 0.60 and those that in the 6.25 %, 12.50 %, 25.00 %, 50.00 % and 100.00 % of

the test concentration were 0.58, 0.59, 0.60, 0.59 and 0.59, respectively (Table 11). The percent inhibition in

average growth rate of the test organisms in the 6.25 % of the test concentration at the end of the experiment

was higher than the other test concentrations (Table 12). However, the result of statistic analysis was

indicated that growth rate in all the test concentration was not significantly different with growth rate in the

control (Steel’s Many-One Rank Test, p>0.05).

NOEC, LOEC and EC50 values based on reproduction data at the end of the experiment with the > 32

and 3-32 PSU treated ballast water were equal to or greater than 100.00 % (Table 13).

Therefore, it was assessed that the > 32 and 3-32 PSU ballast water treated by the KTM-BWMS did not

have chronic toxic effects on the population growth of the rotifer, Brachionus plicatilis.
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Table 1. Dissolved oxygen value (mg/L) of > 32 PSU test concentration series at the beginning and the end
of the test using Brachionus plicatilis

Concentration Control 6.25 % 12.50 % 25.00 % 50.00 % 100.00 %

Initial 4.48 4.50 4.58 4.43 4.52 4.53

Final 4.04 3.95 4.05 4.07 4.28 4.03

Table 2. pH value of > 32 PSU test concentration series at the beginning and the end of the test using
Brachionus plicatilis

Concentration Control 6.25 % 12.50 % 25.00 % 50.00 % 100.00 %

Initial 8.00 8.02 8.03 8.00 8.00 8.01

Final 7.66 7.65 7.68 7.64 7.69 7.66

Table 3. Temperature (˚C) of > 32 PSU test concentration series at the beginning and the end of the test
using Brachionus plicatilis

Concentration Control 6.25 % 12.50 % 25.00 % 50.00 % 100.00 %

Initial 25.70 25.60 25.60 25.70 25.80 25.80

Final 25.50 25.50 25.40 25.50 25.50 25.50

Table 4. Dissolved oxygen value (mg/L) of 3-32 PSU test concentration series at the beginning and the end
of the test using Brachionus plicatilis

Concentration Control 6.25 % 12.50 % 25.00 % 50.00 % 100.00 %

Initial 4.37 4.68 4.86 4.41 4.01 4.78

Final 5.18 4.67 4.73 4.71 4.98 4.40

Table 5. pH value of 3-32 PSU test concentration series at the beginning and the end of the test using
Brachionus plicatilis

Concentration Control 6.25 % 12.50 % 25.00 % 50.00 % 100.00 %

Initial 7.72 7.67 7.69 7.68 7.67 7.65

Final 7.76 7.75 7.78 7.76 7.74 7.72

Table 6. Temperature (˚C) of 3-32 PSU test concentration series at the beginning and the end of the test
using Brachionus plicatilis

Concentration Control 6.25 % 12.50 % 25.00 % 50.00 % 100.00 %

Initial 25.20 25.00 25.20 25.10 25.60 25.70

Final 24.60 24.60 24.50 25.00 24.50 24.20
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Table 7. Mean number of the Brachionus plicatilis, exposed to > 32 PSU treated ballast water for 96 hours

Concentration Control 6.25%

Elapsed time (day) 0 24 48 72 96 0 7 14 21 28

Mean 5 5 11 22 47 5 5 9 18 41

STDEV(±) 0 0 2 5 3 0 0 2 4 5

Concentration 12.50% 25.00%

Elapsed time (day) 0 7 14 21 28 0 7 14 21 28

Mean 5 5 9 16 37 5 5 9 18 40

STDEV(±) 0 0 2 4 8 0 0 1 3 10

Concentration 50.00% 100.00%

Elapsed time (day) 0 7 14 21 28 0 7 14 21 28

Mean 5 5 9 17 47 5 5 8 16 45

STDEV(±) 0 0 2 4 5 0 0 1 3 8

*STDEV: Standard deviation

Table 8. Mean population growth rate for the Brachionus plicatilis, exposed to > 32 PSU treated ballast
water for 96 hours

Concentration Control 6.25%

Elapsed time (day) 0 24 48 72 96 0 7 14 21 28

Growth rate 0.00 -0.02 0.38 0.49 0.56 0.00 0.00 0.31 0.41 0.53

STDEV(±) 0.00 0.06 0.09 0.07 0.02 0.00 0.00 0.09 0.07 0.03

Concentration 12.50% 25.00%

Elapsed time (day) 0 7 14 21 28 0 7 14 21 28
Growth rate 0.00 0.00 0.30 0.39 0.50 0.00 0.00 0.30 0.43 0.51

STDEV(±) 0.00 0.00 0.11 0.08 0.05 0.00 0.00 0.06 0.05 0.07

Concentration 50.00% 100.00%

Elapsed time (day) 0 7 14 21 28 0 7 14 21 28
Growth rate 0.00 0.00 0.28 0.40 0.56 0.00 0.00 0.24 0.39 0.55

STDEV(±) 0.00 0.00 0.12 0.09 0.03 0.00 0.00 0.08 0.06 0.04

*STDEV: Standard deviation

Table 9. Percent inhibition in average growth rate of Brachionus plicatilis, at the each test concentration of
treated > 32 PSU ballast water during the experiment period

Concentration (%)
Elapsed time (h)

6.25 12.50 25.00 50.00 100.00

24 -1.69 -1.69 -1.69 -1.69 -1.69
48 14.50 15.27 16.03 16.79 24.43
72 20.75 26.04 16.98 23.77 26.04
96 12.57 21.06 14.34 -0.18 4.78
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Table 10. Number of the Brachionus plicatilis, exposed to 3-32 PSU treated ballast water for 96 hours

Concentration Control 6.25%

Elapsed time (day) 0 24 48 72 96 0 7 14 21 28

Mean 5 5 17 41 56 5 5 15 39 51

STDEV(±) 0 0 3 5 5 0 0 2 6 5

Concentration 12.50% 25.00%

Elapsed time (day) 0 7 14 21 28 0 7 14 21 28

Mean 5 5 14 34 54 5 5 14 32 56

STDEV(±) 0 0 1 6 4 0 0 3 4 3

Concentration 50.00% 100.00%

Elapsed time (day) 0 7 14 21 28 0 7 14 21 28

Mean 5 5 12 31 53 5 5 15 31 54

STDEV(±) 0 0 2 5 5 0 0 3 5 5

*STDEV: Standard deviation

Table 11. Population growth rate for the Brachionus plicatilis, exposed to 3-32 PSU treated ballast water for
96 hours

Concentration Control 6.25%

Elapsed time (day) 0 24 48 72 96 0 7 14 21 28

Growth rate 0.00 0.00 0.60 0.70 0.60 0.00 0.00 0.53 0.68 0.58

STDEV(±) 0.00 0.00 0.11 0.04 0.02 0.00 0.00 0.08 0.06 0.02

Concentration 12.50% 25.00%

Elapsed time (day) 0 7 14 21 28 0 7 14 21 28
Growth rate 0.00 0.00 0.51 0.63 0.59 0.00 0.00 0.52 0.62 0.60

STDEV(±) 0.00 0.00 0.05 0.05 0.02 0.00 0.00 0.08 0.04 0.01

Concentration 50.00% 100.00%

Elapsed time (day) 0 7 14 21 28 0 7 14 21 28
Growth rate 0.00 0.02 0.42 0.60 0.59 0.00 0.02 0.53 0.61 0.59

STDEV(±) 0.00 0.05 0.08 0.05 0.03 0.00 0.05 0.09 0.06 0.02

*STDEV: Standard deviation

Table 12. Percent inhibition in average growth rate of Brachionus plicatilis, at the each test concentration of
treated 3-32 PSU ballast water during the experiment period

Concentration (%)
Elapsed time (h)

6.25 12.50 25.00 50.00 100.00
24 0.00 0.00 0.00 -1.67 -1.67
48 13.79 17.24 15.76 31.03 13.30
72 5.27 17.65 22.11 25.15 23.53
96 8.40 2.85 -0.90 4.65 3.00

Table 13. NOEC, LOEC and EC50 values calculated from population growth data of animal at the end of the
experiment

95 % confidence of limit (%)
Test substance NOEC (%) LOEC (%) EC50 (%)

lower upper

> 32 PSU treated ballast water 100.0 > 100.0 > 100.0 - -

3-32 PSU treated ballast water 100.0 > 100.0 > 100.0 - -

* -: no data; > 100.0: greater than 100.0 %
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FIGURES
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Fig. 1. Plot of the concentration-response (population growth) data from the each test concentration for > 32
PSU treated ballast water. The dotted line was represented as 0.05 level of significant and vertical bar
was represented maximum and minimum.

Fig. 2. Plot of the concentration-response (population growth) data from the each test concentration for 3-32
PSU treated ballast water. And vertical bar was represented maximum and minimum.
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ANNEX 1

Definitions

1. Rotifer cyst is that a rotifer embryo arrested at an early stage in development, enclosed in an envelope and

resistant to desiccation and temperature extremes. Rotifer cysts are often incorrectly referred to as resting

eggs. Upon hydration, embryonic development resumes until a neonate female emerges from the cyst.

2. Rotifer neonate is a newly hatched, freely swimming rotifer. All neonates hatched from cysts are females.

3. ECx is the concentration of the test substance dissolved in water that results in a x percent reduction in

reproduction of Brachionus plicatilis within a stated exposure period.

4. Lowest Observed Effect Concentration (LOEC) is the lowest tested concentration at which the

substance is observed to have a statistically significant effect on reproduction (at p < 0.05) when compared

with the control, within a stated exposure period.

5. No Observed Effect Concentration (NOEC) is the test concentration immediately below the LOEC.
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ANNEX 2

Experiment conditions and acceptability criteria for rotifer, Brachionus plicatilis chronic population
growth rate toxicity tests with the > 32 and 3-32 PSU seawater treated by the KTM-BWMS

Test parameter Conditions

Test type Static (non-renewal)

Temperature 25 ± 1˚C

Light quality None

Light intensity Darkness

Photoperiod 0h light: 24 h dark

Test chamber size 1.5 mL (48 well plate)

Test solution volume 1mL

Renewal of test solutions None

Age of test organisms Less than 2 hours

Number of individuals per test chamber 5 inds.

Replicate test chambers per concentration 12

Feeding regime
Once at the beginning of the experiment

(Chlorella vulgaris , 1 × 106 cells/mL)

Cleaning None

Aeration None

Dilution water
Filtered seawater (Control seawater) by
0.45 μm membrane filter

Test concentration 5 including 100.00% effluents and a control

Dilution factor Effluents: 0.5

Test duration 96 hours

Endpoints Population growth rate

Test acceptability criteria

- Population growth rate in the control
: ≥ 0.55
- Percentage growth inhibition in the lowest
toxicant concentration: < 50%
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ANNEX 3

1. The population growth rate for a specific period is calculated from equation [1]:

[1]

where:

rm is the intrinsic rate of natural increase in the population growth experiment.

N0 and Nt are represented the population size at t=0 and t=4, respectively.

2. The percentage growth inhibition for each treatment replicate is calculated from equation [2]:

[2]

where:

I% is percent inhibition in average growth rate.

N are represented the population in each test concentrations.

I% =
N control -

N control

× 100
N toxicant

rm =
ln Nt - ln N0

t
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ANNEX 4

Application Site

Application site for the population growth test with the rotifer, Brachionus plicatilis is shown as follow.
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ANNEX 5

Preparation of test substance and procedures of the experiment

Fig. 1. For aquatic toxicity test, collection of the control (untreated) and treated de-ballasting water from

KTM-BWMS (left down: sampling equipments).

Fig. 2. Transfer collected samples to the constant room (4 ± 1 ˚C).
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Fig. 3. Preparation of test concentration diluted with non-treated seawater on treated seawater through flow-
meter.

Fig. 4. For the population growth test using the rotifer, Brachionus plicatilis, final preparation of test
substance was filtered by 0.45 μm membrane filter.
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Fig. 5. Test organisms in this study: Neonates (left) and adult of female (right) of rotifer, Brachionus
plicatilis.

Fig. 6. Procedure of chronic crustacean toxicity test set up (① Addition of Chlorella vulgaris (1 × 106

cells/mL) on the test substance; ② Separation of test organisms from hatching chamber; ③ Placing
of test organisms on the test vessel by modified Pasteur pipette; ④ Observation and counting of test
organisms).

① ②

④③
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The olive flounder fish, Paralichthys olivaceus, Chronic Toxicity Test
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Record of raw data 2011. 07. 07 / 07. 20 2011. 07. 07 / 07. 20

Draft of final report 2011. 07. 21 2011. 07. 21

Final report 2011. 07. 22 2011. 07. 22

It is assurance that the procedure in this final report was appropriately carried out and the

description of the results was reflected raw data from the study.
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Quality Assurance personnel
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1. SUMMARY

The purpose of this study was to assess the chronic toxic effects of the > 32 and 3-32 PSU ballast water

treated by the KTM-BWMS on the embryo and sac-fry stages of olive flounder, Paralichthys olivaceus.

The test substance type was divided into two different salinities, the one was > 32 PSU treated ballast

water and the other was 3-32 PSU treated ballast water. Non-treated ballast water was used as control and

dilution water. 30 fertilized eggs of olive flounder fish, Paralichthys olivaceus were exposed at the various

test concentrations (0.00 % (non-treated ballast water), 6.25 %, 12.50 %, 25.00 %, 50.00 % and 100.00 %

(treated ballast water)) for 7 days. The mortality of the test organisms was daily observed and recorded. The

raw data of living test organisms from this experiment was used for calculation of NOEC, LOEC, LC25 and

LC50 values.

For the > 32 PSU treated ballast water, mean number of the living eggs on the embryo stages was 29

individuals in the control and those were 30, 29, 29, 29 and 29 individuals in 6.25 %, 12.50 %, 25.00 %,

50.00 % and 100.00 % of the test concentration, respectively. Mean number of the survival larvae was 26

individuals in the control and those were 27, 25, 24, 19 and 26 individuals in 6.25 %, 12.50 %, 25.00 %,

50.00 % and 100.00 % of the test concentration, respectively. Mean survival proportion in the 50.00 % of

test concentration was lower than other test concentration at the end of the experiment. However, result of

statistic analysis indicated that survival proportions of olive flounder in the all test concentrations were not

significantly different with control.

For the 3-32 PSU treated ballast water, mean number of the living eggs on the embryo stages was 28

individuals in the control and those were 28, 27, 28, 29 and 29 individuals in 6.25 %, 12.50 %, 25.00 %,

50.00 % and 100.00 % of the test concentration, respectively. Mean number of the survival larvae at the end

of the experiment was 22 individuals in the control and those were 23, 19, 24, 25 and 22 individuals in

6.25 %, 12.50 %, 25.00 %, 50.00 % and 100.00 % of the test concentration, respectively. Mean survival

proportions in the 12.00 % of test concentration was lower than other test concentration at the end of the

experiment. However, result of statistic analysis indicated that survival proportions of olive flounder in the

all test concentrations were not significantly different with control.

For the > 32 and 3-32 PSU ballast water treated by the KTM-BWMS, all values of NOEC, LOEC, LC25

and LC50 at the end of experiment was greater than 100.00 %.

Therefore, it was assessed that the > 32 and 3-32 PSU ballast water treated by the KTM-BWMS had

chronic toxic effects on the survival of the olive flounder, Paralichthys olivaceus.

253



MEI ┃ Final Report / BW-DBWT1104-KT Rev. 1.06

2. OUTLINE OF STUDY

2.1 Purpose

The purpose of this study was to assess the chronic toxic effects of the > 32 and 3-32 PSU ballast water

treated by the KTM-BWMS on the survival concerning early life stage of olive flounder, Paralichthys

olivaceus.

2.2 Principle

The embryo and sac-fry stages of olive flounder fish, Paralichthys olivaceus are exposed to the treated

ballast water of the KTM-BWMS for 7 days. The test is begun by placing fertilized eggs in the test chambers

and terminated just before complete absorption of the yolk-sac of any larvae or mortalities by starvation start

in any of the test chambers in the control. Lethal and sub-lethal effects are assessed and compared with the

control.

2.3 Good Laboratory Practice

All procedure of this study was complied with following GLP regulation:

- “OECD Principles of Good Laboratory Practice”

Organization for Economic Co-operation and Development, ENV/MC/CHEM(98)17 (as revised in

1997)

2.4 Guideline

This study was complied with principle and conducted on the basis of following standard method and

applied for Paralichthys olivaceus:

- “OECD Guideline for Testing of Chemicals, 212, Fish, Short-term Toxicity Test on the

Embryo and Sac-fry Stages”

Organization for Economic Co-operation and Development, (Adopted: September. 21, 1998)

2.5 Sponsor

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea.

Tel: +82-51-441-0692~3 Fax: +82-51-441-0695

2.6 Test facility

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

Tel: + 82-51-611-6200 Fax: + 82-51-611-0588
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2.7 Test site

Name Marine Eco-technology Institute Co., Ltd.

Address 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.8 Study director

Name Jin Hee Kim

Department 3rd research team

2.9 Study timetable

2.9.1 Treated ballast water (> 32 PSU) and non-Treated ballast water (> 32 PSU)

Study initiation 2011. 04. 13

Receipt of test organisms 2011. 06. 30

Collect of sample 2011. 06. 29

Experimental start 2011. 06. 30

Exposure date 2011. 06. 30

Evaluation of mortality 2011. 06. 30 ~ 07. 07

Experimental completion 2011. 07. 07

Draft of final report 2011. 07. 21

Final Report 2011. 07. 22

Study completion 2013. 07. 31

2.9.2 Treated ballast water (3-32 PSU) and non-Treated ballast water (3-32 PSU)

Study initiation 2011. 04. 13

Receipt of test organisms 2011. 07. 13

Collect of sample 2011. 07. 12

Experimental start 2011. 07. 13

Exposure date 2011. 07. 13

Evaluation of mortality 2011. 07. 13 ~ 07. 20

Experimental completion 2011. 07. 20

Draft of final report 2011. 07. 21

Final Report 2011. 07. 22

Study completion 2013. 07. 31
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2.10 Responsible Personnel

Laboratory manager (Test site manager)

Statistical analysis

Myung-Baek Shon

Receipt of test organisms

Disposal of the resting test organisms

So Eun Jo

Sampling, transit and custody of test substance or solution

Disposal of the resting substance

Observation and record

Check the chemical condition

Tae Won Kim

2.11 Retention of records and data

2.11.1 Duration

Duration of storage is 5 years after end of the study. It will be decided that storage of data after 5 years

should be consulted with the client.

2.11.2 Place of storage

Name: Archives of Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

2.11.3. Retention of records and data

Study plan, final report, raw data, documents related with the study, communication documents, and etc.
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3. MATERIALS AND METHODS

3.1 Test substance-1 (Treated ballast water (> 32 PSU) -Treated)

3.1.1 Substance name

Treated water (KTM-S5D5-1, 2)

3.1.2 Lot No.

None

3.1.3 Type

Liquid

3.1.4 Principal ingredients

Seawater

3.1.5 Temperature

23.2 ~ 25.2 ˚C

3.1.6 Salinity

33.6 ~ 34.7 PSU

3.1.7 pH

7.67

3.1.8 Custody condition

Constant room at 4 ˚C for 2 days

3.1.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

3.1.10 Responsible for Sampling, Handling and Custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

3.1.11 Disposal of the resting substances

Scrapped after test

3.1.12 Certificate of analysis

Client supplies to test organization
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3.2 Test substance-2 (Non-treated ballast water (> 32 PSU) -Control)

3.2.1 Substance name

Non-treated water (KTM-S3D5-1, 2)

3.2.2 Lot No.

None

3.2.3 Type

Liquid

3.2.4 Principal ingredients

Seawater

3.2.5 Temperature

23.1 ~ 25.6 ˚C

3.2.6 Salinity

33.9 ~ 34.8 PSU

3.2.7 pH

7.50 ~ 7.60

3.2.8 Custody condition

Constant room at 4 ˚C for 2 days

3.2.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

3.2.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

3.2.11 Disposal of the resting substances

Scrapped after test

3.2.12 Certificate of analysis

Client supplies to test organization
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3.3 Test substance-3 (Treated ballast water (3 - 32 PSU) -Treated)

3.3.1 Substance name

Treated water (KTM-S5D5-3)

3.3.2 Lot No.

None

3.3.3 Type

Liquid

3.3.4 Principal ingredients

Seawater

3.3.5 Temperature

24.6 ˚C

3.3.6 Salinity

21.7 PSU

3.3.7 pH

7.46

3.3.8 Custody condition

Constant room at 4 ˚C for 2 days

3.3.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

3.3.10 Responsible for Sampling, Handling and Custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

3.3.11 Disposal of the resting substances

Scrapped after test

3.3.12 Certificate of analysis

Client supplies to test organization
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3.4 Test substance-4 (Non-treated ballast water (3 - 32 PSU) -Control)

3.4.1 Substance name

Non-treated water (KTM-S3D5-3)

3.4.2 Lot No.

None

3.4.3 Type

Liquid

3.4.4 Principal ingredients

Seawater

3.4.5 Temperature

24.8 ˚C

3.4.6 Salinity

22.7 PSU

3.4.7 pH

7.24

3.4.8 Custody condition

Constant room at 4 ˚C for 2 days

3.4.9 Supplier

Name: KT Marine Co., Ltd.

Address: Centum IS Tower Rm. 1801 #1209 Jaesong-dong, Haeundae-gu, Busan, Korea

3.4.10 Responsible for sampling, handling and custody

Name: Marine Eco-Technology Institute Co., Ltd.

Address: 485-1 Yongdang, Namgu, Busan, 608-830, Republic of Korea

3.4.11 Disposal of the resting substances

Scrapped after test

3.4.12 Certificate of analysis

Client supplies to test organization
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3.5 Preparation of the test substance (SOP#TP-011)

The concentration of test substance was diluted on the control seawater (non-treated ballast water by the

KTM-BWMS) as crude liquid (see Fig. 1~3 in the Annex 4). The six concentrations of test substance

including control (0.00 %, only non-treated ballast water by the KTM-BWMS) and 100.00 % were arranged

for the final definitive experiment.

3.6 Culture condition

3.6.1 Holding of test organisms

Test organisms Paralichthys olivaceus

Culture type -

Vessel -

Medium -

Temperature -

Light source -

Light cycle -

Light intensity -

Dissolved oxygen -

The eggs were obtained from commercial supplier (see 3.7 Test system).

3.6.2 Feeding regime

None

3.7 Test system

3.7.1 Test organisms

.1 Scientific name Paralichthys olivaceus (see Fig. 4 in the Annex 4)

.2 Producer KyeongYang Fisheries, Yo-Su city, Jeolla province, Republic of

Korea

.3 Dealer Marine Eco-Technology Institute Co., Ltd., Republic of Korea

3.7.2 Ground of selected test organisms

Pleuronectiformes Paralichthyidae Paralichthys olivaceus called olive flounder is widely distributed in

coastal water of Korea and is important as economic marine products. P. olivaceus plays in marine trophic

structure as a top predator.

3.7.3 Preparation of the test organisms (SOP#TP-007)

The fertilized eggs are obtained from commercial supplier. As the sensitivity of the experiment could be
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seriously influenced by delaying the start of the test, the experiment was initiated within 8 hour after fertilization.

3.7.4 Check the test organisms for the experiment (SOP#TP-007)

Health of the eggs such as the color and appearance was observed.

3.7.5 Disposal of the remaining test organisms (SOP#TO-006)

The resting test organisms were scrapped after test.

3.8 Study design

3.8.1 Test concentration (SOP#TP-011)

Control Control seawater 100.00 %: Seawater treated by KTM-BWMS 0.00 %

6.25 % Control seawater 93.75 %: Seawater treated by KTM-BWMS 6.25 %

12.50 % Control seawater 87.50 %: Seawater treated by KTM-BWMS 12.50 %

25.00 % Control seawater 75.00 %: Seawater treated by KTM-BWMS 25.00 %

50.00 % Control seawater 50.00 %: Seawater treated by KTM-BWMS 50.00 %

100.00 % Control seawater 0.00 %: Seawater treated by KTM-BWMS 100.00 %

3.8.2 Exposure condition (SOP#TP-007)

30 fertilized eggs were placed in the each replication of test vessel for the > 32 and 3-32 PSU treated

ballast water. And then the test chambers were placed in the constant room for 7 days at 20 ± 1˚C (see Fig. 4

~ 6 in the Annex 4).

Experiment condition and test criteria are shown Annex 2 and application site is shown Annex 3.

3.8.3 Observation item and measurement components

.1 Hatching and survival (SOP#TP-007)

Fertilized eggs were considered dead if they were a marked loss of translucency and change in

coloration. Embryos were considered dead if they were absence of body movement and/or absence of

heart-beat and/or opaque discoloration. Larvae were considered if they had immobility and/or absence of

respiration movement and/or absence of heart-beat and/or opaque coloration of central nervous system

and/or lack of reaction mechanical stimulus. Dead eggs, embryos and larvae were removed after record.

.2 Length and weight (SOP#TP-010)

Total length and dry weights were measured at the end of the experiment.

.3 Stage of embryonic development (SOP#TP-007)

Embryonic development was observed and recorded as remark.
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.4 Temperature (SOP#TE-002)

Temperature of the test concentrations during the experiment period was measured daily.

.5 Dissolved oxygen (SOP#TE-002)

DO of the solutions on each vessel during the experiment period was measured daily.

.6 pH (SOP#TE-002)

pH of the solutions during the experiment period was measured daily.

.7 Salinity (SOP#TE-002)

Salinity of the solutions during the experiment period was measured daily.

3.9 Statistical procedures (SOP#SP-101)

For > 32 and 3-32 PSU treated ballast water, normal distribution of the data was tested by Shapiro-

Wilk’s Test (p>0.05) and equal variance of the data was tested by Bartlett’s Test (p=0.27 (>32 PSU), p=0.41

(3-32 PSU). Hypothesis test was conducted by Dunnett’s Test. Differences in all test were considered to be

significant at α=0.05.

TOXCALC 5.0 program (Tidepool scientific software, USA) was used for above statistic analysis.
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4. RESULTS

4.1 Dissolved oxygen, pH, Temperature and Salinity

4.1.1 Treated ballast water - > 32 PSU (Table 1~4)

For the > 32 PSU ballast water treated by the KTM-BWMS, DO value was ranged from 5.39 to 6.41

mg/L at the beginning of the experiment and from 5.40 to 6.33 mg/L at the end of the experiment. pH value

was ranged 7.67 to 7.85 at the beginning of the experiment and was ranged from 7.81 to 7.84 at the end of

the experiment. Mean temperature was 19.67 ± 0.22 ˚C (Mean ± S.D. ˚C) and mean salinity was 33.40 ± 0.22

PSU (Mean ± S.D. PSU).

4.1.2 Treated ballast water - 3-32 PSU (Table 5~8)

For the 3-32 PSU ballast water treated by the KTM-BWMS, DO value was ranged from 5.48 to 6.14

mg/L at the beginning of the experiment and from 5.31 to 6.03 mg/L at the end of the experiment. pH value

was ranged from 7.72 to 7.77 at beginning of the experiment and from 7.78 to 7.82 at the end of the

experiment. Mean temperature was 19.70 ± 0.34 ˚C (Mean ± S.D. ˚C) and Mean salinity was 20.81 ± 0.06

PSU (Mean ± S.D. PSU).

4.2 Mortality / Survival

4.2.1 Embryo stages (Table 9, 10)

For the > 32 PSU treated ballast water, mean number of the living eggs on the embryo stages was 29

individuals in the control and those were 30, 29, 29, 29 and 29 individuals in 6.25 %, 12.50 %, 25.00 %,

50.00 % and 100.00 % of the test concentration, respectively. Numbers hatched was equal with numbers of

the living eggs. The all living eggs hatched for 3 days after the beginning of the experiment.

For the 3-32 PSU treated ballast water, mean number of the living eggs on the embryo stages was 28

individuals in the control and those were 28, 27, 28, 29 and 29 individuals in 6.25 %, 12.50 %, 25.00 %,

50.00 % and 100.00 % of the test concentration, respectively. Also numbers hatched was equal with numbers

of the living eggs. The all living eggs hatched for 3 days after the beginning of the experiment.

4.2.2 Larval stages (Table 11, 12)

For the > 32 PSU treated ballast water, mean number of the survival larvae at the end of the experiment

was 26 individuals in the control and those were 27, 25, 24, 19 and 26 individuals in 6.25 %, 12.50 %,

25.00 %, 50.00 % and 100.00 % of the test concentration, respectively.

For the 3-32 PSU treated ballast water, mean number of the survival larvae at the end of the experiment

was 22 individuals in the control and those were 23, 19, 24, 25 and 22 individuals in 6.25 %, 12.50 %,

25.00 %, 50.00 % and 100.00 % of the test concentration, respectively.
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4.2.3 Overall survival proportions (Table 13, 14)

For the > 32 PSU treated ballast water, mean survival proportions of olive flounder, Paralichthys

olivaceus at the end of the experiment was 86.7 percent in the control and those were 90.0, 83.3, 81.1, 64.4

and 85.6 percent in the 6.25 %, 12.50 %, 25.00 %, 50.00 % and 100.00 % of the test concentration,

respectively.

For the 3-32 PSU treated ballast water, mean survival proportions of olive flounder, Paralichthys

olivaceus at the end of the experiment was 72.2 percent in the control and those were 75.6, 63.3, 80.0, 84.4

and 72.2 percent in 6.25 %, 12.50 %, 25.00 %, 50.00 %, 100.00 % of the test concentration, respectively.

4.3 Length and weight

Total length and dry weight is shown in the Annex 5. For the > 32 PSU treated ballast water, mean total

length and dry weight of the larval Paralichthys olivaceus was 2.77 ± 0.09 mm (Mean ± S.D. mm) and 0.1 mg.

For 3-32 PSU treated ballast water, mean total length and wet weight of the larval Paralichthys olivaceus

was 2.80 ± 0.10 mm (Mean ± S.D. mm) and 0.1 mg.

4.4 Plotting of the concentration response curve (Fig. 1, 2)

The survival data on the each test concentration for the > 32 and 3-32 PSU treated ballast water was

plotted on the graph.

4.5 NOEC, LOEC, LC25 and LC50 (Table 15)

NOEC and LOEC values from result of hypothesis test at the end of the experiment of the > 32 and 3-32

PSU ballast water treated by the KTM-BWMS were 100.00 % and >100.00 %, respectively. The LC25 and

LC50 values based on number of the living organisms at the end of the experiment of the > 32 and 3-32PSU

ballast water were greater than 100.00 %, both of them.

4.6 Other observation

Abnormality of body form and/or pigmentation was not observed. Abnormal behavior and abnormalities,

such as hyperventilation, uncoordinated swimming, and atypical quiescence was not observed. Embryonic

development of all survival test organisms was normal.
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5. DISCUSSION AND CONCLUSION

The mortality of embryo and sac-fry stages of olive founder, Paralichthys olivaceus on the > 32 and 3-32

PSU ballast water treated by the KTM-BWMS was tested for 7 days.

For the > 32 PSU treated ballast water, mean number of the living eggs on the embryo stages was 29

individuals in the control and those were 30, 29, 29, 29 and 29 individuals in 6.25 %, 12.50 %, 25.00 %,

50.00 % and 100.00 % of the test concentration, respectively (Table 9). Mean number of the survival larvae

was 26 individuals in the control and those were 27, 25, 24, 19 and 26 individuals in 6.25 %, 12.50 %,

25.00 %, 50.00 % and 100.00 % of the test concentration, respectively (Table 11). Mean survival proportions

in the 50.00 % of test concentration was lower than other test concentration at the end of the experiment

(Table 13). However, result of statistic analysis indicated that survival proportions of olive flounder in the all

test concentrations were not significantly different with control (Dunnett’s Test (1-tail), p>0.05).

For the 3-32 PSU treated ballast water, mean number of the living eggs on the embryo stages was 28

individuals in the control and those were 28, 27, 28, 29 and 29 individuals in 6.25 %, 12.50 %, 25.00 %,

50.00 % and 100.00 % of the test concentration, respectively (Table 10). Mean number of the survival larvae

at the end of the experiment was 22 individuals in the control and those were 23, 19, 24, 25 and 22

individuals in 6.25 %, 12.50 %, 25.00 %, 50.00 % and 100.00 % of the test concentration, respectively

(Table 12). Mean survival proportions in the 12.00 % of test concentration was lower than other test

concentration at the end of the experiment (Table 14). However, result of statistic analysis indicated that

survival proportions of olive flounder in the all test concentrations were not significantly different with

control (Dunnett’s Test (1-tail), p>0.05)

For the > 32 and 3-32 PSU ballast water treated by the KTM-BWMS, all values of NOEC, LOEC, LC25

and LC50 at the end of experiment was greater than 100.00 %.

Therefore, it was assessed that the > 32 and 3-32 PSU ballast water treated by the KTM-BWMS had

chronic toxic effects on the survival of the olive flounder, Paralichthys olivaceus.
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Table 1. Dissolved oxygen values (mg/L) of > 32 PSU test concentration series during the experiment period

Control 6.25% 12.50% 25.00% 50.00% 100.00%Elapsed time
(day) Initial Final Initial Final Initial Final Initial Final Initial Final Initial Final

0 6.41 - 6.10 - 6.20 - 6.17 - 5.39 - 5.96 -

1 - 5.32 - 5.16 - 5.72 - 5.48 - 5.78 - 5.77

2 5.01 5.24 5.27 5.88 5.94 5.11 5.80 5.61 6.00 6.10 5.02 6.00

3 - 5.47 - 5.44 - 5.01 - 5.07 - 5.77 - 5.93

4 6.01 5.11 5.70 5.57 5.32 5.09 5.92 5.14 5.72 5.62 5.72 5.30

5 - 7.03 - 6.53 - 6.10 - 5.80 - 5.56 - 5.32

6 6.58 5.35 6.38 5.11 6.08 5.09 5.96 5.93 5.85 5.84 5.68 5.82

7 - 6.33 - 6.06 - 5.40 - 5.82 - 5.71 - 5.73

Table 2. pH values of > 32 PSU test concentration series during the experiment period

Control 6.25% 12.50% 25.00% 50.00% 100.00%Elapsed time
(day) Initial Final Initial Final Initial Final Initial Final Initial Final Initial Final

0 7.85 - 7.75 - 7.74 - 7.67 - 7.71 - 7.67 -

1 - 7.82 - 7.84 - 7.83 - 7.81 - 7.81 - 7.67

2 7.84 7.87 7.86 7.87 7.84 7.87 7.81 7.86 7.81 7.87 7.82 7.85

3 - 7.89 - 7.88 - 7.89 - 7.88 - 7.86 - 7.83

4 7.70 7.96 7.80 7.90 7.82 7.89 7.74 7.89 7.79 7.82 7.75 7.82

5 - 7.63 - 7.74 - 7.74 - 7.75 - 7.75 - 7.72

6 7.56 7.78 7.59 7.78 7.61 7.90 7.61 7.78 7.59 7.77 7.54 7.76

7 - 7.82 - 7.84 - 7.84 - 7.83 - 7.82 - 7.81

Table 3. Temperature (˚C) of > 32 PSU test concentration series during the experiment period

Control 6.25% 12.50% 25.00% 50.00% 100.00%Elapsed time
(day) Initial Final Initial Final Initial Final Initial Final Initial Final Initial Final

0 20.10 - 20.00 - 19.90 - 19.80 - 19.70 - 19.50 -

1 - 19.60 - 19.50 - 19.50 - 19.40 - 19.30 - 19.40

2 19.60 19.80 19.60 19.60 19.60 19.50 19.60 19.50 19.50 19.40 19.60 19.40

3 - 19.90 - 19.70 - 19.70 - 19.70 - 19.60 - 19.60

4 19.50 20.10 19.70 19.70 19.70 19.60 19.60 19.50 19.00 19.40 19.30 19.40

5 - 20.20 - 19.90 - 19.80 - 19.80 - 19.70 - 19.60

6 20.10 19.90 20.00 19.80 20.00 19.80 19.70 19.50 19.70 19.60 19.60 19.60

7 - 20.00 - 19.90 - 19.90 - 19.80 - 19.70 - 19.60
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Table 4. Salinity (PSU) of > 32 PSU test concentration series during the experiment period

Control 6.25% 12.50% 25.00% 50.00% 100.00%Elapsed time
(day) Initial Final Initial Final Initial Final Initial Final Initial Final Initial Final

0 33.30 - 33.30 - 33.40 - 33.20 - 33.20 - 33.20 -

1 - 33.20 - 33.10 - 33.30 - 33.20 - 33.20 - 33.20

2 33.20 33.10 33.30 33.30 33.30 33.30 33.20 33.20 33.40 33.30 33.30 33.20

3 - 33.00 - 33.10 - 33.30 - 33.30 - 33.40 - 33.10

4 33.50 33.40 33.40 33.80 33.60 33.70 33.50 33.60 33.40 33.70 33.50 33.60

5 - 33.30 - 33.30 - 33.30 - 33.20 - 33.30 - 33.20

6 33.90 33.40 33.80 33.40 33.70 33.30 33.70 33.30 33.80 33.30 33.70 33.20

7 - 33.80 - 33.80 - 33.70 - 33.60 - 33.70 - 33.70

Table 5. Dissolved oxygen values (mg/L) of 3-32 PSU test concentration series during the experiment period

Control 6.25% 12.50% 25.00% 50.00% 100.00%Elapsed time
(day) Initial Final Initial Final Initial Final Initial Final Initial Final Initial Final

0 5.78 - 5.69 - 5.60 - 6.14 - 5.56 - 5.48 -

1 - 5.99 - 6.04 - 6.00 - 6.13 - 6.40 - 6.17

2 6.25 6.04 5.57 5.97 6.03 5.77 5.73 5.65 5.47 6.45 5.77 6.26

3 - 6.13 - 6.02 - 6.71 - 6.24 - 6.82 - 6.02

4 6.00 6.75 6.72 5.97 6.14 6.02 5.97 6.52 6.92 6.21 6.24 6.81

5 - 6.21 - 6.36 - 5.77 - 6.93 - 6.75 - 6.48

6 6.53 5.51 6.24 5.97 5.79 6.17 5.74 6.18 5.63 6.09 5.47 5.94

7 - 5.49 - 5.31 - 5.36 - 6.03 - 5.85 - 5.81

Table 6. pH values of 3-32 PSU test concentration series during the experiment period

Control 6.25% 12.50% 25.00% 50.00% 100.00%Elapsed time
(day) Initial Final Initial Final Initial Final Initial Final Initial Final Initial Final

0 7.72 - 7.74 - 7.76 - 7.77 - 7.77 - 7.76 -

1 - 7.77 - 7.79 - 7.80 - 7.81 - 7.82 - 7.82

2 7.35 7.73 7.48 7.73 7.44 7.73 7.49 7.73 7.50 7.72 7.41 7.71

3 - 7.73 - 7.73 - 7.72 - 7.70 - 7.74 - 7.69

4 7.67 7.77 7.69 7.78 7.73 7.76 7.70 7.73 7.71 7.73 7.65 7.73

5 - 7.76 - 7.75 - 7.74 - 7.75 - 7.75 - 7.72

6 7.82 7.79 7.81 7.77 7.78 7.76 7.79 7.77 7.79 7.76 7.77 7.72

7 - 7.82 - 7.82 - 7.80 - 7.81 - 7.80 - 7.78
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Table 7. Temperature (˚C) of 3-32 PSU test concentration series during the experiment period

Control 6.25% 12.50% 25.00% 50.00% 100.00%Elapsed time
(day) Initial Final Initial Final Initial Final Initial Final Initial Final Initial Final

0 20.60 - 20.60 - 20.60 - 20.40 - 20.40 - 20.00 -

1 - 20.20 - 19.90 - 19.70 - 19.60 - 19.60 - 19.50

2 20.10 19.90 19.90 19.50 20.00 19.30 19.70 19.30 19.60 19.20 19.60 19.20

3 - 19.70 - 19.80 - 19.50 - 19.90 - 19.90 - 19.90

4 19.90 19.70 19.90 19.80 19.90 19.90 20.00 19.90 20.00 20.00 19.60 19.40

5 - 19.80 - 19.60 - 19.40 - 19.40 - 19.30 - 19.30

6 19.60 19.60 19.60 19.50 19.50 19.40 19.50 19.40 19.40 19.40 19.30 19.40

7 - 19.60 - 19.50 - 19.40 - 19.40 - 19.40 - 19.30

Table 8. Salinity (PSU) of 3-32 PSU test concentration series during the experiment period

Control 6.25% 12.50% 25.00% 50.00% 100.00%Elapsed time
(day) Initial Final Initial Final Initial Final Initial Final Initial Final Initial Final

0 20.80 - 20.80 - 20.80 - 20.80 - 20.80 - 20.80 -

1 - 20.80 - 20.90 - 20.80 - 20.90 - 20.90 - 20.80

2 20.70 20.90 20.80 20.90 20.80 20.80 20.80 20.80 20.80 20.90 20.80 20.80

3 - 20.80 - 20.90 - 20.90 - 20.80 - 20.90 - 20.80

4 20.80 20.70 20.80 20.90 20.90 20.90 20.80 20.80 20.70 20.70 20.70 20.90

5 - 20.70 - 20.80 - 20.80 - 20.90 - 20.80 - 20.80

6 20.80 20.80 20.80 20.80 20.80 20.90 20.80 20.80 20.80 20.80 20.70 20.80

7 - 20.80 - 20.80 - 20.80 - 20.80 - 20.80 - 20.80

Table 9. Number of living eggs on embryo stages of Paralichthys olivaceus exposed to > 32 PSU treated
ballast water

Control 6.25% 12.50%Elapsed time
(day) 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 30 30 30 30 30 30 30 30 30 30 30 30

1 30 29 30 30 30 30 30 30 30 30 28 29

2 30 27 30 29 30 30 30 30 30 29 27 29

3 30 27 30 29 30 30 30 30 30 29 27 29

25.00% 50.00% 100.00%Elapsed time
(day) 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 30 30 30 30 30 30 30 30 30 30 30 30

1 29 29 30 29 30 29 28 29 29 30 29 29

2 29 29 29 29 30 29 28 29 29 30 29 29

3 29 29 29 29 30 29 28 29 29 30 29 29
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Table 10. Number of living eggs on the embryo stages of Paralichthys olivaceus exposed to 3-32 PSU
treated ballast water

Control 6.25% 12.50%Elapsed time
(day) 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 30 30 30 30 30 30 30 30 30 30 30 30

1 28 29 27 28 29 27 29 28 28 26 28 27

2 28 29 27 28 29 27 29 28 28 26 28 27

3 28 29 27 28 29 26 29 28 28 25 28 27

25.00% 50.00% 100.00%Elapsed time
(day) 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 30 30 30 30 30 30 30 30 30 30 30 30

1 28 28 29 28 28 30 30 29 29 30 29 29

2 28 28 29 28 28 30 30 29 29 30 29 29

3 28 28 29 28 28 30 30 29 29 30 29 29

Table 11. Number of survival larvae of Paralichthys olivaceus exposed to > 32 PSU treated ballast water

Control 6.25% 12.50%Elapsed time
(day) 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

4 29 26 29 28 30 28 25 28 29 29 23 27

5 29 24 28 27 30 28 25 28 29 28 23 27

6 29 22 28 26 30 27 25 27 29 28 23 27

7 29 22 27 26 30 26 25 27 29 26 20 25

25.00% 50.00% 100.00%Elapsed time
(day) 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

4 27 26 26 26 23 21 19 21 27 28 28 28

5 27 26 26 26 23 20 18 20 26 28 27 27

6 27 26 26 26 22 19 18 20 26 28 27 27

7 27 23 23 24 22 18 18 19 26 26 25 26

Table 12. Number of survival larvae of Paralichthys olivaceus exposed to 3-32 PSU treated ballast water

Control 6.25% 12.50%Elapsed time
(day) 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

4 23 24 21 23 21 23 27 24 23 21 24 23

5 23 22 21 22 21 22 27 23 22 21 23 22

6 22 22 21 22 21 22 26 23 17 18 22 19

7 22 22 21 22 21 22 25 23 17 18 22 19

25.00% 50.00% 100.00%Elapsed time
(day) 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

4 27 26 28 27 27 30 25 27 25 27 24 25

5 25 26 28 26 26 29 25 27 23 23 22 23

6 25 25 27 26 25 28 25 26 23 20 22 22

7 25 23 24 24 25 26 25 25 23 20 22 22
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Table 13. Overall survival proportions of olive flounder, Paralichthys olivaceus exposed to test
concentration series of the > 32 PSU treated ballast water during the experiment period

Control 6.25% 12.50%Elapsed time
(day) 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

1 100.0 96.7 100.0 98.9 100.0 100.0 100.0 100.0 100.0 100.0 93.3 97.8

2 96.7 90.0 100.0 95.6 100.0 96.7 90.0 95.6 100.0 96.7 86.7 94.4

3 96.7 90.0 100.0 95.6 100.0 96.7 86.7 94.4 100.0 96.7 80.0 92.2

4 96.7 86.7 96.7 93.3 100.0 93.3 83.3 92.2 96.7 96.7 76.7 90.0

5 96.7 80.0 93.3 90.0 100.0 93.3 83.3 92.2 96.7 93.3 76.7 88.9

6 96.7 73.3 93.3 87.8 100.0 90.0 83.3 91.1 96.7 93.3 76.7 88.9

7 96.7 73.3 90.0 86.7 100.0 86.7 83.3 90.0 96.7 86.7 66.7 83.3

25.00% 50.00% 100.00%Elapsed time
(day) 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

1 96.7 96.7 100.0 97.8 100.0 100.0 100.0 100.0 96.7 100.0 96.7 97.8

2 93.3 90.0 90.0 91.1 96.7 93.3 76.7 88.9 93.3 100.0 96.7 96.7

3 90.0 86.7 90.0 88.9 80.0 76.7 73.3 76.7 93.3 100.0 96.7 96.7

4 90.0 86.7 86.7 87.8 76.7 70.0 63.3 70.0 90.0 93.3 93.3 92.2

5 90.0 86.7 86.7 87.8 76.7 66.7 60.0 67.8 86.7 93.3 90.0 90.0

6 90.0 86.7 86.7 87.8 73.3 63.3 60.0 65.6 86.7 93.3 90.0 90.0

7 90.0 76.7 76.7 81.1 73.3 60.0 60.0 64.4 86.7 86.7 83.3 85.6
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Table 14. Overall survival proportions of olive flounder, Paralichthys olivaceus exposed to test
concentration series of the 3-32 PSU treated ballast water during the experiment period

Control 6.25% 12.50%Elapsed time
(day) 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

1 93.3 96.7 90.0 93.3 96.7 90.0 96.7 94.4 90.0 86.7 93.3 90.0

2 93.3 96.7 83.3 91.1 96.7 80.0 93.3 90.0 83.3 76.7 93.3 84.4

3 86.7 80.0 70.0 78.9 73.3 76.7 90.0 80.0 80.0 70.0 80.0 76.7

4 76.7 80.0 70.0 75.6 70.0 76.7 90.0 78.9 76.7 70.0 80.0 75.6

5 76.7 73.3 70.0 73.3 70.0 73.3 90.0 77.8 73.3 70.0 76.7 73.3

6 73.3 73.3 70.0 72.2 70.0 73.3 86.7 76.7 56.7 60.0 73.3 63.3

7 73.3 73.3 70.0 72.2 70.0 73.3 83.3 75.6 56.7 60.0 73.3 63.3

25.00% 50.00% 100.00%Elapsed time
(day) 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

1 93.3 93.3 96.7 94.4 93.3 100.0 100.0 97.8 96.7 100.0 96.7 97.8

2 93.3 93.3 93.3 93.3 90.0 100.0 93.3 93.3 93.3 96.7 93.3 94.4

3 90.0 90.0 93.3 91.1 90.0 100.0 86.7 92.2 86.7 96.7 80.0 87.8

4 90.0 86.7 93.3 90.0 90.0 100.0 83.3 91.1 83.3 90.0 80.0 84.4

5 83.3 86.7 93.3 87.8 86.7 96.7 83.3 88.9 76.7 76.7 73.3 75.6

6 83.3 83.3 90.0 85.6 83.3 93.3 83.3 86.7 76.7 66.7 73.3 72.2

7 83.3 76.7 80.0 80.0 83.3 86.7 83.3 84.4 76.7 66.7 73.3 72.2

Table 15. NOEC, LOEC, LC25 and LC50 value calculated from survival data at the end of the experiment
95 % confidence of limit

(%)
95 % confidence of limit

(%)Test substance
NOEC

(%)
LOEC

(%)
LC25
(%)

lower upper

LC50
(%)

lower upper

> 32 PSU
treated ballast

water
100.00 > 100.00 >100.00 - - > 100.00 - -

3-32 PSU
treated ballast

water
100.00 > 100.00 >100.00 - - > 100.00 - -

* -: no data; > 100.00: greater than 100.00 %
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FIGURES
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Fig. 1. Plot of the concentration-response data from the each test concentration of > 32 PSU treated ballast
water. The dotted line was represented as 0.05 level of significant and vertical bar was represented
maximum and minimum.

Fig. 2. Plot of the concentration-response data from the each test concentration of 3-32 PSU treated ballast
water. The dotted line was represented as 0.05 level of significant and vertical bar was represented
maximum and minimum.
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ANNEX 1

Definitions

1. Semi-static test is a test without flow of solution, but with occasional batch wise renewal of the test

solution after prolonged periods.

2. LC25 and LC50 in this study is the quarter and median lethal concentration, i.e. that concentration of the

test substance in water which kills 25 and 50 percent of a test batch of fish within a particular period of

exposure.

3. Lowest Observed Effect Concentration (LOEC) is the lowest tested concentration at which the

substance is observed to have a statistically significant reducing effect on survival (at p < 0.05) when

compared with the control, within a given exposure time. However, all test concentrations above the LOEC

must have a harmful effect equal to or greater than those observed at the LOEC

4. No Observed Effect Concentration (NOEC) is the test concentration immediately below the LOEC.
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ANNEX 2

Experiment conditions and acceptability criteria for embryo and sac-fry stage of olive flounder,
Paralichthys olivaceus, chronic mortality toxicity tests with the > 32 and 3-32 PSU seawater treated by the
KTM-BWMS

Test parameter Conditions

Test type Semi-static

Temperature 20 ± 1 ˚C

Light quality Cool white fluorescent lighting

Light intensity 2,000 lux

Photoperiod 16 h light : 8 h dark

Test camber size 1 L

Test solution volume 0.8 L

Renewal of test solutions Every other day

Age of test organisms Less than 8 h after fertilization

Number of individuals per test chamber 30

Replicate test chambers per concentration 3

Feeding regime None

Cleaning Exchange the test water

Aeration
To maintain DO
(> 60 % of the air saturation value)

Dilution water
Filtered seawater (Control seawater) by 1μm CP
Filter, Chisso Filter

Test concentration 5 including 100.00 % effluents and a control

Dilution factor Effluents: 0.5

Test duration 7 days

Endpoints Survival

Test acceptability criteria

- The water temperature change:
less than ± 1.5 ˚C

- Overall survival of fertilized eggs in the
controls: more than 70 %
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ANNEX 3

Application Site

Application site for the chronic toxicity test with the fertilized eggs of olive flounder, Paralichthys
olivaceus is shown as follow.
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ANNEX 4

Preparation of test substance and procedure of the experiment

Fig. 1. For aquatic toxicity test, collection of the control (untreated) and treated de-ballasting water from the
KTM-BWMS (left down: sampling equipments).

Fig. 2. Transfer collected samples to the constant room (4 ± 1 ˚C).
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Fig. 3. Preparation of test concentration diluted with non-treated seawater on treated seawater through flow-
meter.

Fig. 4. Test organisms in this study: Fertilized eggs (left) and larva (right) of olive flounder, Paralichthys
olivaceus.
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Fig. 5. Test organisms in this study: Fertilized eggs and larvae of olive flounder, Paralichthys olivaceus.:
(above: live, down: dead)

Fig. 6. Procedure of chronic fish toxicity test set up (① Test vessels set up;② Sorting the fertilized eggs;③

Observation of test organisms mortality; ④ Check the water quality of the test substance and

recording)

① ②

④③
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ANNEX 5

▶ Total length and dry weight of larval olive flounder, Paralichthys olivaceus, at the end of the experiment
for > 32 PSU seawater treated by the KTM-BWMS

▷ Concentration : Control

Replicate 1 2 3

No. Length (mm)
Dry weight

(mg)
Length (mm)

Dry weight
(mg)

Length (mm)
Dry weight

(mg)

1 3.0 0.1 2.8 0.1 2.9 0.1

2 2.9 0.1 2.7 0.1 2.7 0.1

3 2.6 0.1 2.9 0.1 2.8 0.1

4 2.7 0.1 3.0 0.1 2.9 0.1

5 2.7 0.1 3.0 0.1 2.7 0.1

6 2.7 0.1 2.9 0.1 2.8 0.1

7 2.7 0.1 2.9 0.1 2.9 0.1

8 2.8 0.1 2.9 0.1 2.8 0.1

9 2.6 0.1 2.9 0.1 2.7 0.1

10 2.9 0.1 2.7 0.1 2.8 0.1

11 2.7 0.1 2.7 0.1 2.9 0.1

12 2.8 0.1 2.8 0.1 2.8 0.1

13 2.8 0.1 2.9 0.1 2.4 0.1

14 2.7 0.1 2.7 0.1 2.6 0.1

15 2.8 0.1 2.8 0.1 2.6 0.1

16 2.6 0.1 2.8 0.1 2.9 0.1

17 2.9 0.1 2.9 0.1 2.8 0.1

18 2.7 0.1 2.7 0.1 2.7 0.1

19 2.8 0.1 2.8 0.1 2.8 0.1

20 2.8 0.1 2.9 0.1 2.7 0.1

21 2.8 0.1 2.8 0.1 2.9 0.1

22 2.8 0.1 2.9 0.1 2.9 0.1

23 2.7 0.1 2.8 0.1

24 2.7 0.1 2.8 0.1

25 2.8 0.1 2.7 0.1

26 3.0 0.1 2.7 0.1

27 2.7 0.1 3.0 0.1

28 2.7 0.1

29 2.8 0.1

30

Mean 2.8 0.1 2.8 0.1 2.8 0.1
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▷ Concentration : 6.25 %

Replicate 1 2 3

No. Length (mm)
Dry weight

(mg)
Length (mm)

Dry weight
(mg)

Length (mm)
Dry weight

(mg)

1 2.8 0.1 2.9 0.1 2.8 0.1

2 2.6 0.1 2.8 0.1 2.8 0.1

3 2.7 0.1 2.8 0.1 2.8 0.1

4 2.8 0.1 2.7 0.1 2.8 0.1

5 2.8 0.1 2.9 0.1 2.8 0.1

6 2.9 0.1 2.8 0.1 2.8 0.1

7 2.7 0.1 2.8 0.1 2.8 0.1

8 2.8 0.1 2.8 0.1 2.8 0.1

9 2.6 0.1 2.8 0.1 2.8 0.1

10 2.6 0.1 2.8 0.1 2.8 0.1

11 2.6 0.1 2.8 0.1 2.7 0.1

12 2.7 0.1 2.9 0.1 2.7 0.1

13 2.8 0.1 2.8 0.1 2.7 0.1

14 2.9 0.1 2.7 0.1 2.7 0.1

15 2.7 0.1 2.9 0.1 2.7 0.1

16 2.7 0.1 2.9 0.1 2.8 0.1

17 2.8 0.1 2.7 0.1 2.9 0.1

18 2.9 0.1 2.7 0.1 2.8 0.1

19 2.7 0.1 2.8 0.1 2.7 0.1

20 2.7 0.1 2.9 0.1 2.8 0.1

21 2.8 0.1 2.9 0.1 2.9 0.1

22 2.8 0.1 2.7 0.1 2.8 0.1

23 2.9 0.1 2.7 0.1 2.8 0.1

24 2.8 0.1 2.7 0.1 2.7 0.1

25 2.7 0.1 2.7 0.1 2.6 0.1

26 2.8 0.1 2.8 0.1

27 2.8 0.1

28 2.9 0.1

29 2.8 0.1

30 2.9 0.1

Mean 2.8 0.1 2.8 0.1 2.8 0.1
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▷ Concentration : 12.50 %

Replicate 1 2 3

No. Length (mm)
Dry weight

(mg)
Length (mm)

Dry weight
(mg)

Length (mm)
Dry weight

(mg)

1 2.8 0.1 2.7 0.1 2.8 0.1

2 2.7 0.1 2.7 0.1 2.8 0.1

3 2.8 0.1 2.7 0.1 2.7 0.1

4 2.9 0.1 2.7 0.1 2.7 0.1

5 2.9 0.1 2.8 0.1 2.7 0.1

6 2.8 0.1 2.8 0.1 2.8 0.1

7 2.7 0.1 2.8 0.1 2.7 0.1

8 2.8 0.1 2.8 0.1 2.8 0.1

9 2.8 0.1 2.7 0.1 2.8 0.1

10 2.7 0.1 2.8 0.1 2.7 0.1

11 2.7 0.1 2.9 0.1 2.7 0.1

12 2.7 0.1 2.6 0.1 2.8 0.1

13 2.8 0.1 2.7 0.1 2.9 0.1

14 2.7 0.1 2.8 0.1 2.7 0.1

15 2.8 0.1 2.7 0.1 2.7 0.1

16 2.6 0.1 2.9 0.1 2.7 0.1

17 2.8 0.1 2.8 0.1 2.7 0.1

18 2.7 0.1 2.7 0.1 2.8 0.1

19 2.8 0.1 2.8 0.1 2.8 0.1

20 2.9 0.1 2.7 0.1 2.8 0.1

21 2.7 0.1 2.8 0.1

22 2.8 0.1 2.8 0.1

23 2.7 0.1 2.9 0.1

24 2.8 0.1 2.7 0.1

25 2.8 0.1 2.8 0.1

26 2.9 0.1 2.8 0.1

27 2.7 0.1

28 2.8 0.1

29 2.8 0.1

30

Mean 2.8 0.1 2.8 0.1 2.8 0.1
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▷ Concentration : 25.00 %

Replicate 1 2 3

No. Length (mm)
Dry weight

(mg)
Length (mm)

Dry weight
(mg)

Length (mm)
Dry weight

(mg)

1 2.8 0.1 2.7 0.1 2.7 0.1

2 2.7 0.1 2.7 0.1 2.4 0.1

3 2.7 0.1 2.7 0.1 2.8 0.1

4 2.6 0.1 2.7 0.1 2.8 0.1

5 2.7 0.1 2.7 0.1 2.8 0.1

6 2.8 0.1 2.8 0.1 2.8 0.1

7 2.9 0.1 2.8 0.1 2.8 0.1

8 2.8 0.1 2.7 0.1 2.8 0.1

9 2.8 0.1 2.7 0.1 2.9 0.1

10 2.8 0.1 2.7 0.1 2.8 0.1

11 2.8 0.1 3.0 0.1 2.8 0.1

12 2.9 0.1 2.7 0.1 2.7 0.1

13 2.9 0.1 2.7 0.1 2.7 0.1

14 2.9 0.1 2.7 0.1 2.7 0.1

15 2.9 0.1 2.7 0.1 2.8 0.1

16 2.9 0.1 2.7 0.1 2.8 0.1

17 3.0 0.1 2.7 0.1 2.7 0.1

18 3.0 0.1 2.8 0.1 2.7 0.1

19 2.8 0.1 2.8 0.1 2.7 0.1

20 2.8 0.1 2.8 0.1 2.7 0.1

21 2.6 0.1 2.8 0.1 2.8 0.1

22 2.9 0.1 2.8 0.1 2.8 0.1

23 2.8 0.1 2.8 0.1 2.9 0.1

24 2.7 0.1

25 2.7 0.1

26 2.7 0.1

27 2.8 0.1

28

29

30

Mean 2.8 0.1 2.7 0.1 2.8 0.1
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MEI ┃ Final Report / BW-DBWT1104-KT Rev. 1.038

▷ Concentration : 50.00 %

Replicate 1 2 3

No. Length (mm)
Dry weight

(mg)
Length (mm)

Dry weight
(mg)

Length (mm)
Dry weight

(mg)

1 2.8 0.1 2.9 0.1 2.8 0.1

2 2.8 0.1 2.7 0.1 2.7 0.1

3 2.9 0.1 2.7 0.1 2.7 0.1

4 2.9 0.1 2.8 0.1 2.8 0.1

5 2.8 0.1 2.8 0.1 2.8 0.1

6 2.8 0.1 2.9 0.1 2.8 0.1

7 2.7 0.1 2.8 0.1 2.8 0.1

8 2.7 0.1 2.7 0.1 2.7 0.1

9 2.8 0.1 2.7 0.1 2.8 0.1

10 2.7 0.1 2.7 0.1 2.7 0.1

11 2.7 0.1 2.8 0.1 2.8 0.1

12 2.7 0.1 2.8 0.1 2.8 0.1

13 2.8 0.1 2.7 0.1 2.9 0.1

14 2.7 0.1 2.7 0.1 2.7 0.1

15 2.9 0.1 2.7 0.1 2.8 0.1

16 2.8 0.1 2.8 0.1 2.7 0.1

17 2.7 0.1 2.8 0.1 2.7 0.1

18 2.7 0.1 2.9 0.1 2.8 0.1

19 2.7 0.1

20 2.7 0.1

21 2.8 0.1

22 2.8 0.1

23

24

25

26

27

28

29

30

Mean 2.8 0.1 2.8 0.1 2.8 0.1
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MEI ┃ Final Report / BW-DBWT1104-KT Rev. 1.039

▷ Concentration : 100.00 %

Replicate 1 2 3

No. Length (mm)
Dry weight

(mg)
Length (mm)

Dry weight
(mg)

Length (mm)
Dry weight

(mg)

1 2.7 0.1 2.9 0.1 2.8 0.1

2 2.8 0.1 2.7 0.1 2.7 0.1

3 2.7 0.1 2.8 0.1 2.7 0.1

4 2.7 0.1 2.7 0.1 2.7 0.1

5 2.7 0.1 2.8 0.1 2.7 0.1

6 2.7 0.1 2.8 0.1 2.8 0.1

7 2.7 0.1 2.7 0.1 2.8 0.1

8 2.8 0.1 2.7 0.1 2.9 0.1

9 2.7 0.1 2.8 0.1 2.7 0.1

10 2.8 0.1 2.9 0.1 2.8 0.1

11 2.9 0.1 2.8 0.1 2.8 0.1

12 2.7 0.1 2.7 0.1 2.7 0.1

13 2.8 0.1 2.7 0.1 2.7 0.1

14 2.7 0.1 2.7 0.1 2.7 0.1

15 2.8 0.1 2.8 0.1 2.8 0.1

16 2.7 0.1 2.7 0.1 2.7 0.1

17 2.7 0.1 2.8 0.1 2.8 0.1

18 2.8 0.1 2.7 0.1 2.7 0.1

19 2.8 0.1 2.8 0.1 2.8 0.1

20 2.8 0.1 2.8 0.1 2.9 0.1

21 2.9 0.1 2.9 0.1 2.8 0.1

22 2.8 0.1 2.8 0.1 2.7 0.1

23 2.7 0.1 2.7 0.1 2.7 0.1

24 2.7 0.1 2.7 0.1 2.7 0.1

25 2.7 0.1 2.7 0.1 2.8 0.1

26 2.8 0.1 2.8 0.1

27

28

29

30

Mean 2.8 0.1 2.8 0.1 2.8 0.1
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MEI ┃ Final Report / BW-DBWT1104-KT Rev. 1.040

▶ Total length and dry weight of larval olive flounder, Paralichthys olivaceus, at the end of the experiment
for 3-32 PSU seawater treated by the KTM-BWMS

▷ Concentration : Control

Replicate 1 2 3

No. Length (mm)
Dry weight

(mg)
Length (mm)

Dry weight
(mg)

Length (mm)
Dry weight

(mg)

1 2.9 0.1 2.7 0.1 3.0 0.1

2 2.8 0.1 2.7 0.1 2.7 0.1

3 2.8 0.1 2.9 0.1 2.7 0.1

4 2.7 0.1 3.0 0.1 2.9 0.1

5 2.7 0.1 3.0 0.1 2.7 0.1

6 2.7 0.1 3.0 0.1 2.7 0.1

7 2.7 0.1 2.7 0.1 2.9 0.1

8 2.8 0.1 2.9 0.1 2.7 0.1

9 2.7 0.1 2.9 0.1 2.7 0.1

10 2.7 0.1 2.7 0.1 2.8 0.1

11 2.7 0.1 2.7 0.1 2.7 0.1

12 2.7 0.1 2.7 0.1 2.8 0.1

13 2.7 0.1 2.9 0.1 2.4 0.1

14 2.7 0.1 2.7 0.1 2.7 0.1

15 2.8 0.1 2.8 0.1 2.6 0.1

16 2.6 0.1 2.7 0.1 2.7 0.1

17 2.9 0.1 2.9 0.1 2.8 0.1

18 2.7 0.1 2.7 0.1 2.7 0.1

19 2.7 0.1 2.7 0.1 2.8 0.1

20 2.7 0.1 2.7 0.1 2.7 0.1

21 2.7 0.1 2.7 0.1 3.0 0.1

22 2.8 0.1 2.9 0.1

23

24

25

26

27

28

29

30

Mean 2.7 0.1 2.8 0.1 2.7 0.1
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MEI ┃ Final Report / BW-DBWT1104-KT Rev. 1.041

▷ Concentration : 6.25 %

Replicate 1 2 3

No. Length (mm)
Dry weight

(mg)
Length (mm)

Dry weight
(mg)

Length (mm)
Dry weight

(mg)

1 2.7 0.1 2.8 0.1 2.7 0.1

2 2.6 0.1 2.8 0.1 2.8 0.1

3 2.6 0.1 2.9 0.1 2.7 0.1

4 2.8 0.1 2.7 0.1 2.8 0.1

5 2.8 0.1 2.9 0.1 2.7 0.1

6 3.0 0.1 2.8 0.1 2.8 0.1

7 2.7 0.1 2.9 0.1 2.8 0.1

8 2.8 0.1 2.8 0.1 2.7 0.1

9 2.7 0.1 2.9 0.1 2.8 0.1

10 2.7 0.1 2.8 0.1 2.8 0.1

11 2.7 0.1 2.9 0.1 2.8 0.1

12 2.7 0.1 2.9 0.1 2.7 0.1

13 2.8 0.1 2.8 0.1 2.8 0.1

14 2.9 0.1 2.9 0.1 2.7 0.1

15 2.7 0.1 2.9 0.1 2.8 0.1

16 2.7 0.1 2.9 0.1 2.8 0.1

17 2.8 0.1 2.7 0.1 2.9 0.1

18 2.9 0.1 2.9 0.1 2.7 0.1

19 2.7 0.1 2.8 0.1 2.7 0.1

20 3.0 0.1 2.8 0.1 2.7 0.1

21 3.0 0.1 2.9 0.1 2.9 0.1

22 2.8 0.1 2.9 0.1

23 2.8 0.1

24 2.7 0.1

25 2.9 0.1

26

27

28

29

30

Mean 2.8 0.1 2.8 0.1 2.8 0.1
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MEI ┃ Final Report / BW-DBWT1104-KT Rev. 1.042

▷ Concentration : 12.50 %

Replicate 1 2 3

No. Length (mm)
Dry weight

(mg)
Length (mm)

Dry weight
(mg)

Length (mm)
Dry weight

(mg)

1 2.9 0.1 2.9 0.1 2.7 0.1

2 2.9 0.1 2.7 0.1 2.8 0.1

3 2.9 0.1 2.8 0.1 2.7 0.1

4 2.9 0.1 2.7 0.1 2.8 0.1

5 2.9 0.1 2.8 0.1 2.7 0.1

6 2.8 0.1 2.7 0.1 2.8 0.1

7 2.7 0.1 2.8 0.1 2.7 0.1

8 2.8 0.1 2.8 0.1 2.8 0.1

9 2.8 0.1 3.0 0.1 2.7 0.1

10 3.0 0.1 2.8 0.1 2.7 0.1

11 2.7 0.1 2.9 0.1 2.7 0.1

12 2.7 0.1 2.6 0.1 2.8 0.1

13 2.8 0.1 3.0 0.1 2.7 0.1

14 3.0 0.1 2.8 0.1 2.7 0.1

15 2.8 0.1 2.7 0.1 2.7 0.1

16 2.6 0.1 2.9 0.1 3.0 0.1

17 3.0 0.1 2.8 0.1 3.0 0.1

18 3.0 0.1 2.8 0.1

19 2.8 0.1

20 2.8 0.1

21 3.0 0.1

22 2.7 0.1

23

24

25

26

27

28

29

30

Mean 2.8 0.1 2.8 0.1 2.8 0.1
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MEI ┃ Final Report / BW-DBWT1104-KT Rev. 1.043

▷ Concentration : 25.00 %

Replicate 1 2 3

No. Length (mm)
Dry weight

(mg)
Length (mm)

Dry weight
(mg)

Length (mm)
Dry weight

(mg)

1 2.7 0.1 2.9 0.1 2.9 0.1

2 2.7 0.1 2.9 0.1 2.9 0.1

3 2.8 0.1 2.7 0.1 2.8 0.1

4 2.6 0.1 2.7 0.1 2.8 0.1

5 2.9 0.1 2.7 0.1 2.8 0.1

6 2.8 0.1 2.8 0.1 2.8 0.1

7 2.7 0.1 2.8 0.1 2.9 0.1

8 2.8 0.1 2.7 0.1 2.8 0.1

9 2.7 0.1 2.9 0.1 2.9 0.1

10 2.8 0.1 2.7 0.1 2.8 0.1

11 2.6 0.1 3.0 0.1 2.9 0.1

12 2.7 0.1 2.9 0.1 2.7 0.1

13 2.9 0.1 2.7 0.1 2.7 0.1

14 3.0 0.1 2.7 0.1 2.7 0.1

15 2.9 0.1 2.9 0.1 2.8 0.1

16 2.9 0.1 2.7 0.1 2.9 0.1

17 3.0 0.1 2.7 0.1 2.7 0.1

18 3.0 0.1 2.8 0.1 2.7 0.1

19 2.9 0.1 2.7 0.1 2.7 0.1

20 2.9 0.1 2.8 0.1 2.7 0.1

21 2.6 0.1 2.8 0.1 2.9 0.1

22 2.9 0.1 2.8 0.1 2.8 0.1

23 2.8 0.1 2.7 0.1 2.9 0.1

24 2.8 0.1 3.0 0.1

25 2.8 0.1

26

27

28

29

30

Mean 2.8 0.1 2.8 0.1 2.8 0.1
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MEI ┃ Final Report / BW-DBWT1104-KT Rev. 1.044

▷ Concentration : 50.00 %

Replicate 1 2 3

No. Length (mm)
Dry weight

(mg)
Length (mm)

Dry weight
(mg)

Length (mm)
Dry weight

(mg)

1 2.9 0.1 3.0 0.1 2.8 0.1

2 3.0 0.1 2.7 0.1 2.7 0.1

3 2.9 0.1 2.7 0.1 2.7 0.1

4 2.9 0.1 2.9 0.1 2.8 0.1

5 3.0 0.1 2.9 0.1 2.8 0.1

6 2.8 0.1 2.9 0.1 2.8 0.1

7 2.7 0.1 2.8 0.1 2.8 0.1

8 3.0 0.1 2.9 0.1 2.7 0.1

9 2.8 0.1 2.7 0.1 2.8 0.1

10 2.7 0.1 2.9 0.1 2.9 0.1

11 3.0 0.1 2.8 0.1 2.9 0.1

12 2.7 0.1 2.9 0.1 2.8 0.1

13 2.8 0.1 2.7 0.1 2.9 0.1

14 2.7 0.1 2.7 0.1 2.7 0.1

15 3.0 0.1 2.9 0.1 2.9 0.1

16 2.8 0.1 2.8 0.1 2.7 0.1

17 2.9 0.1 2.8 0.1 2.9 0.1

18 2.7 0.1 2.9 0.1 2.8 0.1

19 2.9 0.1 2.7 0.1 2.8 0.1

20 2.7 0.1 2.7 0.1 2.7 0.1

21 2.8 0.1 2.9 0.1 3.0 0.1

22 2.8 0.1 2.8 0.1 3.0 0.1

23 2.7 0.1 2.7 0.1 2.8 0.1

24 2.8 0.1 2.6 0.1 2.6 0.1

25 2.7 0.1 2.7 0.1 2.7 0.1

26 2.8 0.1

27

28

29

30

Mean 2.8 0.1 2.8 0.1 2.8 0.1
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MEI ┃ Final Report / BW-DBWT1104-KT Rev. 1.045

▷ Concentration : 100.00 %

Replicate 1 2 3

No. Length (mm)
Dry weight

(mg)
Length (mm)

Dry weight
(mg)

Length (mm)
Dry weight

(mg)

1 2.8 0.1 3.0 0.1 2.6 0.1

2 2.8 0.1 2.7 0.1 2.8 0.1

3 2.7 0.1 2.8 0.1 2.7 0.1

4 2.7 0.1 2.8 0.1 2.9 0.1

5 2.7 0.1 2.8 0.1 2.9 0.1

6 2.8 0.1 2.8 0.1 2.8 0.1

7 2.7 0.1 2.8 0.1 2.9 0.1

8 2.8 0.1 2.7 0.1 2.9 0.1

9 2.7 0.1 2.8 0.1 2.7 0.1

10 2.8 0.1 2.9 0.1 2.9 0.1

11 2.9 0.1 2.8 0.1 2.8 0.1

12 2.7 0.1 2.7 0.1 2.7 0.1

13 2.8 0.1 2.8 0.1 2.9 0.1

14 2.7 0.1 2.7 0.1 2.7 0.1

15 2.8 0.1 2.8 0.1 2.8 0.1

16 2.8 0.1 2.8 0.1 2.9 0.1

17 2.7 0.1 2.8 0.1 2.8 0.1

18 3.0 0.1 2.7 0.1 2.7 0.1

19 2.8 0.1 2.7 0.1 2.9 0.1

20 3.0 0.1 2.9 0.1 2.9 0.1

21 2.9 0.1 2.8 0.1

22 2.8 0.1 2.9 0.1

23 2.8 0.1

24

25

26

27

28

29

30

Mean 2.8 0.1 2.8 0.1 2.8 0.1

293



4. COC (CHAIN OF CUSTODY) DATA

4.1 Sheet of raw data for toxicity test

4.1.1 Acute toxicity test

4.1.1.1 ANNEX 1

Sheet of raw data for “Skeletonema costatum, Growth Inhibition

Test”
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4.1.1.2 ANNEX 2

Sheet of raw data for

“Brachionus plicatilis, Acute Toxicity Test”
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4.1.1.3 ANNEX 3

Sheet of raw data for

“The olive flounder fish, Paralichthys olivaceus, Acute Toxicity Test”
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4.1.2 Chronic toxicity test

4.1.2.1 ANNEX 1

Sheet of raw data for

“Brachionus plicatilis, Chronic Toxicity Test”
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4.1.2.2 ANNEX 2

Sheet of raw data for

“The olive flounder fish, Paralichthys olivaceus, Chronic Toxicity

Test”
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4.2 Sampling locations and sampling methods
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4.3 Sample handling and custody

469



470



471



472



4.4 Receipt of test organisms
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4.5 Results of the statistical analysis
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4.6 Standard Operation Procedure list

Major SOP (Standard Operation Procedure) list for this study is shown as follow:

.1 SOP of TP (Test Procedures)

a. SOP#TP-001: Phytoplankton, Growth Inhibition Test.

b. SOP#TP-006: Fish, Acute Toxicity.

c. SOP#TP-007: Fish, Short-term Toxicity Test on Embryo and Sac-fry Stage.

d. SOP#TP-008: Phytoplankton, Inoculation Methods.

e. SOP#TP-009: Phytoplankton, Counting of Cell numbers.

f. SOP#TP-010: Fish, Measurement of Length and Weight with Larva and Juvenile.

g. SOP#TP-011: Test Water, Effluent and Receiving Water Sampling, Sample Handling, and Sample

Preparation for Toxicity Tests.

h. SOP#TP-012: Measurement of Chlorophyll a and Phaeopigment by fluorometric analysis.

i. SOP#TP-013: Rotifer, Acute Toxicity Test.

j. SOP#TP-014: Rotifer, Population Growth Test.

.2 SOP of TO (Test Organisms)

a. SOP#TO-001: Phytoplankton, Isolation and Culture.

b. SOP#TO-005: Fish, Transportation and Laboratory Culturing.

c. SOP#TO-006: Disposal of the Resting Test Organisms.

d. SOP#TO-007: Rotifer, Cyst Hatching Method.

.3 SOP of TE (Test Equipments)

a. SOP#TE-002: Water Quality Checker

.4 SOP of SP (Statistical Procedure)

a. SOP#SP-101: Toxicity data analysis with Toxcalc software

b. SOP#SP-102: Linear regression analysis with Excel program
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